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BRAIN  AS  AN  ORGAN  OF  MIND. 


CHAPTER    I. 


TRB    C8ES   AND   ORIOIN   OF    A    NKRVOTJB   STSTEM. 


k  LIFELESS  object  m&kos  do  apprectuble  rosponso  to  ex- 
ternal impressions.  If  wo  touch  a  rock  or  a  stone,  no 
answering  movements  follow.  Day  and  uight,  summer 
and  winter  snccecd  one  another,  and  yet,  though  inani- 
mato  objects  undergo  imperceptible  molecular  changes, 
they  yield  no  active  and  visible  response  cither  to  diurnal 
or  to  seasonal  vicissitudes. 

It  is  wholly  diHorent,  as  we  know,  with  tlic  members 
of  the  vegetable  kingdom  existing  around  and  amongst 
these  inanimate  things.  The  eeusonal  chimgea  shown  by 
them  are  familiar  to  all.  The  putting  forth  of  the  leaf, 
the  period  of  active  growth,  the  bloom  of  llowers,  the 
shedding  of  seed,  the  fading  and  fall  of  leaves,  are  so 
many  manifestations  of  an  internal  activity  which  dis- 
play themselves  with  never-failing  regularity. 
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Plants    respond,   bowovcr,   to   more    definite   external 
changes  than  tlioso  dependent  upon  seasonul  mutations. 
Their  flowers  open  and  shut  at   particular  hours  of  ll« 
day,  in  accordance  with  the  yaryiiig  amounts  of  heat  and 
sunlight  faUing  upon  them.     They  grow  more  rapidly 
hy  night  than  hy  day,  though  as  a  general  rule  the  activitji 
of  their  internal  changes  is  closely  related  to  the  degredj 
of  heat  to  which  they  are  suhjected.     Again,  whilst  thej 
generally  grow  best  in  directions  where  they  meet  with 
most  air  and  light  (not  becauscJ  of  the  latter  agency,  but 
rather  on  account  of  the  heat  which  goes  witli  it),  nmn/l 
of  them   will,    in  tho  course   of   a   few   days   or    within 
shorter  periods,  bend  very  perceptibly,  so  as  to  bring  them- 
selves more  under  the  inlluonce  of  this  latter  agent. 

Amongst  some  representatives  of  plant  life,  the  corre- 
spondence between  iuteruul  and  cxtcnjal  changes  ia 
undoubtedly  less  obvious  than  in  many  of  tho  instances 
just  referred  to.  Thus  is  it  with  the  blnck  or  grey  film 
of  Lichen  which  marks  as  with  a  patch  of  paint  the  damp 
surface  of  some  weather-beaten  rock.  Yet,  watch  it  care- 
fully from  time  to  time,  and,  even  in  this  lowly  form  of 
life,  responsive  though  sluggish  changes  may  be  detected, 
sufficient  to  remove  it  from  the  category  of  inanimate 
things  to  which  the  rock  itself  belonji^s. 

The  comparative  complexity  of  life  exhibited  by  mem- 
bers of  the  vegetable  kingdom  is,  however,  small ;  and 
for  this  two  principal  causes  may  be  cited. 

(1.)  As  a  rule — to  which  there  are  only  fev/  thongh 
interesting  exceptions,  to  be  mentioned  further  on — tfaeyi 
subsist  on  inorganic  materials,  deriving  their  food  from 
the  gaseous  or  dissolved  mineral  elements  existing  in  tho 
air  or  water  with  which  their  surfaces  are  bathed.  In 
their  natural  or  healthy  state  plants  decompose  carbonio 
acid,  fixing  its  carbon  and  setting  free  its  oxygen.     Thej 
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[ecompose  wntor,  bo  uh  to  rctuiti  its  hydrogen  ;  wbikb 
Hhey  also  abstract  nitrogen  either  directly  from  the 
[Atmosphere,  or  indirectly  from  the  nitrate  of  ammonia 
ibrmcd  therein  and  broajjht  to  the  soiJ  in  refreshing 
^showers.  This  work  of  decomposition,  under  the  in* 
laenco  of  light  and  beat,  goes  baud  iu  band  with  one  of 
an  opposite  kind,  resulting  in  the  elaboration  of  those 
Inorganic  and  living  compounds  which  enter  into  the  com- 
^H^Bition  of  vegetal  tissues. 

^V  (2.)  Tl^en  again,  as  a  rale,  plants  exhibit  no  inherent 
^Bpowers  of  movenK'nt  olher  than  those  connected  with 
^Hheir  growth.  The  movements  of  the  Sunflower  and  its 
^^  allies  are  exceptional  ;  and  there  are  very  few  plants 
^^which  more  or  less  immediately  respond  to  a  touch  by  a 
^■movement,  in  the  way  that  the  Sensitive-plant  or  the' 
"  Tcnus  fly-trap  is  known  to  do.  To  this  subject,  however, 
F^and  to  the  caases  of  such  motions  in  plants,  it  will  be 
^fe&ecessary  to  return.  For  the  present  it  is  of  importance 
^ll^^^ooollect  that  plants  do  not  move  at  all  in  search  of 

^H    ^^<)  comparative    simpUcity   of    the   life-processes    of 
^^  plants  is  in  the  main  due  to  these  two  peculiarities.     They 
arc  also,   perhaps,   the    most   fundamental    attributes   of 
plants  as  distinguished  from  sniinals.     This  subject  is 
^"WcU  worthy  of  our  brief  attention,  since  if  its  considera- 
ion  should  lead  us  to  anything  like  a  correct  apprecia- 
tion of  the  mode  in  which  some  of  the  simplest  vegetal 
organisms  differ  from  some  of  the  simplest  animal  orgau- 
jms,   this    insi<;;ht    may — apart    from  its   own  intrinsic 
tterest — prove  of   the  highest  importance  in  regard  to 
IF  present  inquiry.     It  may  enable  us,  in  a  measure,  to 
►mprchend  why  a  Nervous  System  is  absent  from  Flouts, 
nnd  why  it  comes  into  existence  in  Animals.     It  may  help 
la  further  to  comprehend  why  this  nerve  tissue  gradually 
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iucrouses  ia  complexity  in  asceudin^  to  more  aud 
highly  organized  types  of  animal  life. 

«  «  *  «  « 

In  the  present  day  it  is  commonly  admitted  that  many' 
of  the  lowest  forms  of  life  cannot  positively  he  nssifjned 
either  to  the  Vegetal  or  to  the  Animal  Kingdom.  Thei^f 
clmractoi*s  as  living  things  are  not  sufficiently  specific  or 
constant  to  cnahle  us  to  say  that  they  hclong  to  one  king- 
dom rather  than  to  the  other.  In  some  of  their  life-phases 
Buch  organisms  seem  to  display  the  attributes  of  vegetal 
life,  whilst  in  others  those  of  animal  hfe  are  no  Icsb 
pronounced.  They  constitnte,  iu  fact,  an  underlying 
indeterminate  plexus  of  changeable  and  more  or  loss 
related  fonus,  appearing  now  as  animals,  now  as  plants — 
and  they  may  give  rise  to  descendants,  or  to  a  series  of 
them,  totally  unlike  themselves  and  their  own  immediato 
ancestors.  Amongst  such  forms  variability  reigns  supreme. 
These  creatures  of  circumstance,  which  become  metamor- 
phosed in  a  most  striking  and  apparently  irregular  manner, 
the  writer  has  proposed*  to  include  under  the  general 
designation  of  '  ephemeromorphs.*  True  '  species,*  in 
the  strict  acceptation  of  the  term,  are  not  to  be  found 
amongst  them. 

Starting  from  this  neutral  and  changeable  ground, 
however,  forms  of  life  appear  that  habitually  reproduce 
their  like,  either  directly  or  indirectly  ;  some  of  which  are 
unmistakably  members  of  the  vegetal  kingdom,  whilst 
others  are  no  less  characteristic  representatives  of  the 
animal  world. 

Owing  to  the  frequency  and  rapidity  with  which  transi- 
tions from  vegetal  to  animal,  or  from  animal  to  vegetal, 
modes  of  growth  have  been  observed  to  occur  amongst 
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'ephcmeromorpbs,*  we  are  compelled  to  believe  that 
Bach  passages  from  the  one  mode  of  molecular  composition 
nnd  activity  to  the  other,  may  be  determined  without  any 
great  ditticiilty  by  iuteriial  cbemieo-nntritive  changes, 
whether  these  tatter  have  or  have  not  been  in  part  induced 
by  external  influences.  Such  transitions  from  vegeUl  to 
auimal  modes  of  life,  or  the  reverse,  are  rcgai'ded  by  the 
M'riter  as  comparable  with  some  well-known  metamor- 
phoses of  form  and  nature  amongst  simpler  kinds  of  matter.* 

It  is  pertain,  as  Prof,  Graham  showed,  that  one  and  the 
same  saline  substance  may  exist  wiLh  its  molecules  now 
in  the  crystalloid  and  now  in  the  colloidal  mode  of  agfifro- 
gation,  according  to  the  different  influences  under  which 
it  has  been  produced,  or  to  which  it  bus  been  afterwards 
Bnbjected.  This,  for  instance,  is  the  case  with  silica,  with 
the  sesquioxides  of  chromium  and  iron,  and  with  other 
mineral  substances.  On  the  contrary,  it  is  also  known  that 
certain  typical  colloids  may,  under  some  conditions,  be 
converted  into  crystalloids. 

Agaiu,  transformations  of  a  similar  order,  though  of 
diflfereut  degrees  of  complexity,  are  met  with  amongst 
saline  and  elementary  subfitauces,  when  these  assume 
different  *  allotropic'  conditions.  Well  known  illustrations 
of  tliis  kind  of  metamorphosis  are  met  with  in  the  dif- 
ferent interchangeable  states  of  carbon,  of  phosphorua, 
and  of  sulphur.  The  passage  from  one  to  the  other 
allotropic  state  amongfit  these  elementary  substances  may 
take  place  either  with  difficulty  or  with  comparative  readi- 
ness, though  the  ease  and  celerity  with  which  analogous 
transfoimations  are  effected  in  the  case  of  certain  saline 
substances  is  still  more  interesting  in  its  bearing  upon  the 
transformations  of  simple  living  units.     No  better  instance 
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otn  be  selected  thau  iLe  case  of  mercaric  iodide,  a  bq 
stance  well  known  to  exist  in  two  totally  distinct  cr^  stall 
forms  which  differ  also  in  coloar.  Watts  savs — '*  The 
crystals  turn  yellow  wbcD  beat^'d,  and  resume  their  n 
lint  on  cooliug.  The  yeUow  crystals  obtained  by  sub 
mation  retain  their  colour  when  cooled ;  but,  on 
slightest  rubbiD^  or  stirring  with  a  pointed  instrument! 
the  part  uhicb  is  touched  turns  scarlet,  and  this  chaug^ 
of  coloor  extends  with  a  slight  motion,  as  if  the  mass  wen 
alive,  throughout  the  whole  group  of  crystals  as  far  ai 
they  adhere  together." 

Thus,  it  would  appear  that  the  phenomena  of  alloj 
iropiRm  and  dimor|>hitim,  aud  the  fluxes  from  tho  cryS' 
talloid  to  the  colloid  state  and  the  reverse,  are  strict]] 
comparable  with  the  transformations  from  the  vegetal 
the  animal,  aud  from  the  animal  to  the  vegetal,  modes 
growth  so  common  amongst  '  ephcmeromorphs.*  Tb> 
members  of  the  animal  and  the  vegetal  worlds  may 
regarded  as  self-multiplying  and  progressively  varym, 
products,  resulting  from  developments  which  are  con* 
tiDually  taking  origin  from  what  may  be  regarded  a|| 
different  allotropic  states  of  Living  flatter.  J 

«  «  «  «  « 

Of  the  organisms  appearing  as  constituents  of  th^ 
ephcmcromorphic  assemblage  of  vital  forms,  Amcebfe  majj 
perhaps  be  cited  as  the  simplest  types  of  unquostionabljl 
animal  life;  just  as  some  of  the  smallest  Confervte  ol 
liloulds  are  amongst  the  simplest  known  forms  of  the 
vegetal  type  or  mode  of  giowlh. 

Conferva)  or  Moulds,  after  the  fashion  of  plants  geuerallyi 
feed  Qpon  the  inorganic  elements  existing  around  theifl 
either  in  water  or  in  air ;  Amabo?,  after  the  manner  a) 
animals  generally,  feed  upon  matter  which  is  either  living 
or  which  has  once  lived.     This  difference  behveen  plants 
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and  auimalB  ia  tbcli*  mode  of  uutrllion  is  bo  fundatneutal, 
BO  much  depeuds  upon  it,  that  wo  shall  find  it  worth  our 
while  to  inquire  a  little  more  particularly  how  the  dopor- 
tnre  from  the  more  primordial  mode  of  nutrition,  met 
with  amongst  animals,  can  be  accounted  for. 

If  we  examine  some  simple  vegetal  unit  through  a 
microBCOpe — the  germ  from  which  a  Conferva  grows,  for 
instance — ^we  find  it  exhibiting  no  distinct  changoa  of 
form ;  and,  if  unprovided  with  one  or  more  vibratile 
filaments,  it  also  shows  no  movements  from  place  to 
place.  It  manifests  no  tendency  to  seize,  nor  has  it  any 
means  of  taking,  solid  food.  As  soon,  therefore,  as  the 
changes  incident  upon  the  active  growth  of  such  a  unit 
have  ceased,  the  outer  portion  of  its  substance  remains 
constantly  in  contiict  with  the  medium  in  which  it  lives, 
and  shortly  becomes  moditted.  It  condenses  and  is 
otherwise  changed  into  an  investing  envelope,  which 
commonly  goes  by  the  name  of  a  '  ccU-wall.*  In  the 
Araccba,  on  the  other  hand,  we  have  an  organism  which, 
like  the  fabled  Proteus,  is  for  ever  changing  its  form. 
It  is  composed  of  a  clear  jelly-like  material,  endowed 
with  a  superabundance  of  that  intiiuBic  activity  character- 
istic of  animal  life  generally.  Those  internal  molecular 
movements,  indeed,  which  are  inferred  to  occur  to  tt 
marked  extent  in  all  living  matter,  seem  to  take  place  in 
it  in  a  pre-eminent  degree.  Its  whole  substance  shows  a 
mobility  of  the  most  striking  kind.  It  continually  moves 
through  the  water  or  over  surfaces,  by  alternate  projec- 
tions and  retractions  of  its  active  body-substance. 

Two  consequences  flow  fiom  this  high  inherent 
activity  of  the  Ama?btt.  In  the  first  place,  owing  to  the 
crealure^s  rapid  alterations  in  shape,  no  one  portion  of  its 
substance  is  cputinuously  exposed   to  contact  with  its 

edinra,  and,  as  a  consequence,  that  first  step  in  organ- 
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ization,  above  refened  to  in  coiiuection  with  the  ConffrvR 
unit,  does  not  take  place.  So  long  as  the  Amoeba  rematna 
in  full  vigour  and  constantly  chanjres  its  shape,  a  cell-wall 
cannot  ho  formed. 

Secondly,  during  the  movements  of  the  organism  froi 
place  to  place,  portions  of  its  projected  body-substani 
come  into  contact  witli  other  more  minute  organisms, 
such  as  unicellular  al^ic  ond  diatoms,  or  with  small 
portions  of  organic  n-fuse,  and  these  are  oftentimes 
drawn  into  its  interior  when  the  projections  with  which 
they  are  in  contuct  are  retracted.  The  activity  of  the 
Amoeba  and  its  allies  is  excited  by  contact  with  matter  of 
this  and  of  other  kinds,  though  inorganic  fragments  are 
subsequently  rejected. 

The  surplus  inherent  activity  of  the.  Amteba  being, 
thernrons  one  of  the  immediately  determining  causes  of  its 
absorbing  solid  food,  may  also  be  regarded  as  one  of  the 
causes  of  its  departure  from  the  more  elementary  mode 
of  nutrition  met  with  amongst  the  simpler  or  less  vitalizes 
organisms  from  which  it  has  been  derived. 

A  word,  however,  is    required   as  to  the  '  selective 
power  which  the  Amoeba  seems  to  manifest. 

A  magnet  '  Belects' minute  fragments  of  iron  or  steel 
from  any  heap  of  heterogeneous  particles  containing; 
Buch  matter  with  which  it  may  be  brought  into  contact. 
Certain  plants,  also,  such  as  the  Sun-dew  and  the  Venus 
fly-trap,  'select,*  and  seem  capable  of  diBcnmiuntiugyfl 
nitrogenous  from  other  substances  with  which  they  coma 
into  contact.  The  leaves  of  these  plants,  however,  possess 
no  nervous  tissues  of  any  kind ;  so  that  the  fact  that  they  ■ 
seem  to  *  select  *  nitrogenous  substances  merely  implies 
the  existence  of  some  relation  between  the  molecular  com- 
position and  activities  of  the  leaves  and  those  of  such 
substances — by   viriuo   of  which   mutual    contact   keeps 
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up  a  state  of  cxcitatiun  in  the  tissues  of  tlie  plant.  Simi- 
larly, thero  must  be  some  defluite  molecular  rektlou 
between  u  magnet  ami  pieces  of  iron  or  steely  leadiug  to 
their  *  solcctiou  *  whenever  they  come  within  certain  degrees 
of  proximity.  In  the  latter  case  we  have,  unquestionably, 
to  do  with  problems  of  molecular  physics  ;  and  in  the  case 
of  the  affinity  which  seems  to  exist  between  the  nerveless 
AmcBba  and  the  organic  fragments  or  minute  living  things 
which  it  absords  as  food,  we  probably  have  to  do  with  an 
allied  problem.  There  may  be  diirerences  of  degree,  but 
none  of  kind;  all  must  be  included  as  problems  of  mole- 
cular physics. 

At  any  rate,  be  the  cause  what  it  may,  the  coming  into 
contact  of  a  fragment  of  organic  matter  with  projected 
portions  of  the  substance  of  an  Amtrba  is  followed  by  the 
closure  of  this  mobile  substance  round  it.  The  organio 
mass  is  gradually  drawn  into  the  interior  of  our  Proteus, 
where,  after  being  thus  appropriated,  it  slowly  disappears 
by  a  rudimentary  process  of  *  digestion,'  After  feediug, 
in  this  way,  and  assimilating  the  organic  matter  taken  into 
its  interior,  the  Amoeba  rapidly  increases  in  size,  and  per- 
haps   Btill    continues    its   active   movements.       Or,    as 

appens  at  other  times,  its  movements  may  cease  :  the 
creature  grows  sluggish  from  over-feeding,  and  then,  as  a 
consequence  of  its  motionless  condition,  its  outer  layer 
80on  becomes  differentiated  into  a  cyst-wall. 

Simple  as  this  mode  of  nutrition  may  appear  to  those 
who  are  familiar  with  it,  its  initiation  in  the  Amoeba  is 
followed  by  consequences  of  tho  most  profound  importance. 
The  assimilation,  after  such  a  fashion,  of  already  elaborated 

ganic  matter  is  strongly  calculated  to  iucrcase  that  high 
degree  of  vitality  which  originally  led  the  organism  to 
take  in  solid  food.  This  mode  of  nutrition,  in  fact,  cntaila 
a  liberation  within  the  organism  of  much  of  the  molecular 
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motion  which  was  poteutial  in  its  food ;  and  molecul 
niotion  thus  libei*Ated  becomes  a  cause  of  furlhor  active 
movomcnts  in  the  organism — provided  its  constitution  is, 
Bt  the  time,  able  to  accommodate  itself  to  such  powerful 
internal  causes  of  chanj^o.  Where  it  is  not  in  such  a 
condition  the  assimlktion  of  much  sohd  food  is  followed  by 
an  interval  of  aj>pareut  rest,  during  which  a  thorough  re- 
adjustment of  the  molecular  c<>nstitution  of  the  organism 
occurs.  In  the  latter  cnso  the  encysted  mass  of  living^ 
matter  may  after  a  time  divide  into  a  swarm  of  smaller 
though  most  active  Monads,  Or  else  traces  of  higher 
organization  may  reveal  themselves  in  the  encysted  mass 
as  a  whale — so  that  the  previous  AmoDba  shortly  eniev^a 
from  its  cyst  as  an  active  creature  of  larger  size  and  liigher 
t}T)e. 

Ciliated  Infusoria,  Rotifers,  and  other  forms  of  animal 
life  of  different  degrees  of  complexity,  may  take  origin  iu 
Hiich  encysted  masses  of  protoplasm,  forming  the  resting 
stages  of  previously  active  Amoebaa.*  The  extent  to  which 
this  occurs,  however,  and  the  real  significance  of  tlie  pro- 
cesses, are  subjects  upon  which  all  naturalists  are  far 
from  being  of  the  same  opinion. 

Be  the  interpretation,  however,  what  it  may,  the  fact 
remains  that  Ciliated  Infusoria,  Rotifers,  and  other 
organisms  may  be  seen  to  develop  directly  from  encysted 
matrices  of  vegetal  or  of  Amtiibuid  origin.  Nay  more,  any 
forms  of  the  animal  series  thus  initiated  exhibit,  in  an 
even  more  marked  degree,  the  fundamental  properties  of 
the  Ama^ba — the  power,  that  is,  of  executing  well- 
marked  independent  movements  and  of  feeding  npon 
solid  food.  And  as  channels  for  the  reception  of  such  food 
become  more  atid  more  formed,  we  may  find  the  orgau- 
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ism's  increa»in{»  powers  of  movemeut  more  defiiiituly 
minifitoring  to  thia  capacity.  Its  motions,  instead  of 
beiii^  wholly  at  raudoiii,  kLow  more  and  more  si^ns  of 
purpoaivenoss — thoy  become,  to  an  iucretising  dep^o, 
Ru)»8crvieut  to  the  enpture  of  food. 


■ 


Look,  then,  at  the  dilferenccs  ah'cady  indicated  both  in 
grade  of  organization  and  mode  of  life,  by  rirtuo  of  which 
even  the  bimpler  kinds  of  animals  become  strikingly  un- 
like vegetal  organismB. 

The  unit  of  veget^il  life  before  it  has  attained  any  great 
size  exhibits,  by  reason  of  its  lower  degree  of  inherent 
activity,  a  tendency  to  undergo  the  first  stage  of  organiza- 
tion, that  is,  to  develop  a  cell-wall  which  imprisons  the 
more  active  living  matter  within  and  causes  it  to  under- 
go certain  secondary  modiOcations.  Before  this  occurs, 
however,  the  vestal  unit,  if  it  does  not  divide,  may  seg- 
ment or  bud ;  the  bud  grows  into  a  unit  similar  to  its 
parent,  and  thia  in  its  turn  may  also  segment  or  bud.  By 
repetition  of  such  a  process  motiouless  cellular  orgauisma 
are  produced,  which,  though  presenting  almost  endless 
differences  in  form  and  in  the  ultimate  arrangement  of 
their  units,  are  in  the.  main  composed  of  mere  aggrega- 
tions of  similar  parts — these  beiug  not  solid  units  of  pro- 
lophism,  but  mostly  vcsicubtr  elements,  in  which  a  cavity 
tilled  with  Huid  contents  is  bounded  by  a  biyer  of  pro- 
toplasm and  outsido  this  by  an  inert  cell-wall.  We  may 
have,  in  the  more  simple  combinations,  long  strings  of 
such  elements  forming  cellular  tilameuts,  as  in  the  Con- 
ferroa  and  other  thrend*like  algie ;  or  we  may  have  flat 
cellular  e?ipansion.s,  such  as  exist  and  brighten  many  a 
rock  pool,  iu  the  rich  green  fronds  of  Ulva.  Organisms  like 
lluB  present  us  with  life  cbauges  of  extreme  simplicity. 
U  they  move  it  is  because  they  are  swayed  to  and  fro  by 
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On  tl ifiiff  liiHil.  Ill  ■iifiHil  iHgwwiwii  Mxkabimftlw 

AaaiU  nA  m  tlie  Tuioas  lataw  «r  Gbled  Isfaaam 
ui4  RotiiBBi — weH-icwtked  |m»tx*  af  Imwiirifln  aie  dis- 
pUjod,  ftod  ve  IttTe  to  do  with  croUaics  vlaidi,  if  Uiej 
do  Boi  '  seek,'  at  all  even^B  aeias  aad  amDov  solid  food. 
We  find  ia  the  Utter  d  Qte&t  fcnns  <tf  pond  life,  dJrtinrt 
eliooDfllt  thnragfa  which  food  is  taken  in  and  ahoothod; 
Wfl  hsw  i^andnlar  stroetaies  of  wkma  kinds ;  we  have 
or^Mia  of  loeomoiion,  internal  and  osteniaL  Thus,  iboagh 
wo  havo  not  jet  heen  able  to  detect  wiifa  anj  oertaiutj 
even  the  mdimenta  of  a  ncrroos  system,  the  grade  of 
vitality  of  tliese  animal  organisms  must  be  at  onoe  ad- 
mitted to  be  notably  higher  than  ih&¥  of  plants.  The 
d(*^cc  of  correspondence  existing  between  snch  creatures 
anil  their  surrouudinga  is  already  much  more  yaried 
than  that  cxiHting  between  vegetal  organisms  and  their 
medium ;  and  ibis  kind  of  complexity  of  relation  steiidiJy 
Inereases  in  atiinml  organisms  only  a  little  higher  than 
those  to  which  we  have  already  referred.  Their  responses, 
moreover,  to  the  varied  external  iafluences  to  which  they 
have  bo<:onjo  umetiable  are  effected  by  movements  direct, 
rapidf  and  comparatively  complex — the  motions  them- 
m-lvrs  biMiig  brought  nboiit  by  musciUar  contractions,  partly 
nituttlliiueous  and  partly  BUcccsHive,  and  mostly  occurring 
in  groups  which  are  definitely  related  to  different  exteruul 
imprcHHiotis.  Il4<fercjnce  to  a  few  of  their  common  muscular 
aoliouM  will  illnKtnito  this. 

Conjoined  movements  of  the  head  and  its  appendages 
nr»^  iK'f'hul  for  tlm  Ni-iitiiro  of  frnf^icnts  serving  as  food  ; 
auil   thimo  iiiutions  must  bo  foUox^cd  by  certain  others  in 
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tbe  upper  parts  of  the  iiliraontary  canal  before  the  morsel 
that  has  been  capturod  can  bo  Hwallowed.  A  series  of 
niovcraenls  of  this  kiud  may  occur  in  response  to  some 
touch  upon  the  external  surface  of  such  an  orgauism ; 
and,  after  a  rudimentary  sense  of  sight  has  once  been 
estuhiished,  impresHions  produced  by  an  object  not  in  con- 
tact may  lead  to  complex  locomotions  in  pursuit,  followed 
by  others  for  capture,  and  others  again  for  the  swallowing 
of  food  or  prey.  The  sight  of  a  diflferent  object  may,  how- 
ever, lead  to  movements  of  flight  rather  than  to  those 
of  pursuit.  The  organism  may  hasten  away,  to  avoid  a  pos- 
sible attack — since  in  the  past  this  kind  of  experience  may 
often   have  followed  the  appearance  of  a  similar  object. 

Again,  the  process  of  digestion  in  such  animal  organ- 
iffma  is  aided  by  certain  accessory  glandular  organs,  whose 
activity  is  stimulated  by  the  contact  of  food  with  dLfl*erent 
portions  of  the  alimentary  canal.  Absorption  of  the  pro- 
ducts of  digestion  is  either  simple  and  direct  from  the 
alimentary  canal  into  some  general  body-cavity  whose 
fluid  comes  into  contact  with  most  of  the  organs;  or  it 
takes  place  through  definite  channels,  and  empties  itself 
into  a  circulatory  system  proper  in  which  blood  is  pro- 
pelled throughout  the  body  by  means  of  a  contractile 
heart  containing  one  or  more  chambers.  Glands  also 
exist  whose  ofiice  it  is  to  modify  the  constitution  of  the 
blood.  There  may  be  either  gills  or  lungs  to  renovate 
it  by  contact  with  oxygen  and  to  get  rid  of  cfl'ete  products 
— though  in  this  latter  function  the  organs  of  respiration 
are  powerfully  aided  by  renal  and  other  emimctories. 

All  these  are  functions  having  to  dn  with  the  preserva- 
tion of  the  life  of  the  individual,  though  another  st't  of 
activities  also  come  into  play  in  animals  that  havo  attained 
a  grade  of  organization  of  the  kind  to  which  we  are  refer- 
ring.   These  new  activities  pertain  to  the  sexual  function — 
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*/./;  v/.o*:/^;:  '.r>.  MTTcml  pBite  or  or^ttf  «f 

/,A./  k vv «  *..  «-<  > '«  Irrt  Uk«  ori^.  develov.  aal  salwqiieit^ 

,f.M*.^t^.  .t.  f/*t:.\rj.)i.\y.  Hoir  a^i  tIt  this  sh-rdd  be  m*T 
9f*^y.fi.*'.  ft  »,?.'.;/:  «*'/f*:  |/lAitt  *^.*^  &  trirf  ccnsidendMi  of 
l,M  $.iiy,ft'.  '/f  >.iti.\Af:  i;';r.o:i5  f ;!:c*.;vri3  and  s^mctares, 
*r»'(  frft'Y  V/f/i';  rt'.Urt'.j^fA:  U»  t'he  mancer  in  which  these 
i/fO'Miy:  Iff  fjttu\tU:t\ryf  not  onlv  in  the  iu'liridaal  but  (by 
ntUti:  of  lUf.  firiii«( |#l';*i  '/f  h^rr^r'litj  and '  natural  seleetion ') 
tiiitthif  l\$iz  lif/:  of  tij.'it  Hnt:tu:HHir,n  of  individoals  consti- 
|iiiif({/   M(<?   rtt'!';   or  *  H|f'r':i':H '   to  which    the    organism 

I'i'fiff  wliJil.  Imi.i  htuu  iilrr;ii(ly  Httid  it  will  be  seen  that 
llii  (111  liiMiiiiLi'v  i'oiniitioriH  ni'coHKiiry  for  the  initiation  of 
H  f  JMvdint  Mv»f<'t"  »i'*'i  *''***'»  *•*"'  *'xiHtoncc  of  a  living  sub- 
iiliiiMo  mImmii'  ixrthilMlity  iH  lii^h;  and,  socondly,  the  pos- 
Miiiinlmi  I(>-  "tirli  hiiliHluuro  of  a  v/oU-mftrked  contractile 
|iii»ii  'I  hiH  hltihinnil-  riinit's  with  it  the  implication 
lltal  |Im<  Ii\im(',  iniitlrr  in  which  a  nervous  tissue  is  to 
iltiu<lM|i  iiiiikI  ihit.  in  Ihr  liiHt  phur.  mihdivide  itself  very 
iiiluiili'U  (hIh  npjiiiruli*  uuitH;  or,  at  all  events,  that  it 
u\\\*\  iimI  Immhuup  dilVt  iviilirttrd  into  colls  with  fully  de- 
^1  io|M'.|  I'oll  wiilln.    M»»»'l»  *»*'  *^"'  ««^'»trtnco  of  the  organism. 
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if  not  comparatively  structureless,  must  be  composed  of 
plastic  units  of  living  matter,  not  marked  off  from  oua 
auotber  by  dotinite  and  lowly  vitulizod  cell-walls. 

The  vegetal  mode  of  growtb  Ih,  therefore,  as  already 
indicated,  precisely  of  such  a  kind  as  to  unfit  it  in  an 
eminoiit  defjreo  for  developing  any  notable  power  of  appro- 
ciating  varied  external  impressions  and  yielding  immediate 
and  discriminative  responses  thereto. 

The  nearest  approach  to  such  powers  and  actions  in  the 
vegetal  world  ia  mot  with  amongst  the  so-called  **Insoo- 
tivorous  Plants/*  upon  whose  peculiarities  Mr.  Darwin 
has  lately  given  us  much  information.  If  we  dwell  fur  a 
few  moments  upon  those  highest  manifestions  of  the  kind 
known  to  occur  amongst  plants,  the  reader  may  the  better 
comprehend  the  groat  gulf  which  soparates  the  vegetal 
from  the  animal  world  in  regard  to  their  respective  powers 
of  dlKcrimination  and  motor  response. 

^Iien  the  three  hair-like  projections  on  the  upper  surface 
of  the  leaf  of  the  Venus  fly-trap  arc  touched,  thoy  almost 
inst-antly  oommnnicate  a  stimulus  to  the  cells  on  each 
uido  of  the  raid-rib,  whoreby  some  change  is  induced  in 
them,  and  the  two  halves  of  the  leaf  are  made  to 
tproach  one  another.  The  nature  of  the  change  has  not 
>t  been  fully  ascertained,  though  the  evidence  adduced 
by  Darwin  seems  to  show  that  it  is^  at  least  in  part,  duo 
the  contractility  of  the  cells  above  mentioned.  A  sirai- 
ir  inllaence  appears  to  be  triinsmittcd  from  the  glands 
inttip  the  hair-like  projections  fringing  the  leaves  of  the 
in -dew,  to  certain  cells  near  the  base  of  these  bodies, 
lereby  motion  is  produced.  In  this  latter  plant,  a  very 
appn*ciablo  interval  occure  between  the  time  of  irritation 
id  the  answering  movement.  Mr.  Da^^vin  has  never 
lown  the  interval  to  be  less  than  ten  seconds,  though 
ren  in  the  one  case  in  which  it  took  phice  so  ra])idly  as 


come  to  the  base  of  a  mar^nol 
its  own  BcnRitive  tip,  or  by  radiation  fil 
shorter   bair-like  prajectionB  near  the  a 
wlieiiever  their  terminal  glands  have  beei 
tact  with  a  foreig'D  body. 

The  transmission  of  a  stimuhis  from  onl 

tipping  a  marginal  tentacle  in  the  Sun-dow) 

near  its  base,  though  consistinr;  only  of 

menta,  becomes  in  a  manner  nsible,  owinj; 

during  its  passage  the  protoplasm  within 

tentacle  undergoes  certain  obvious  changes^ 

previously  in  a  state  of  uniform  dififusion  thi 

[cell,  is  caused  to  aggregate  into  masses  of 

md  shape  as  the  invisible  wave  of  molecn.* 

lasses   through    it.     This  *  aggregation '  ii 

[iaible  sign  marking  the  passage  of  the  invia 

nd  as  Darwin  points  out,  the  phenomenon 

certain    respects    to    that    which    occui 

imulus,  an  invisible  molecular  change  traT 

an  animal  organism.* 

[The  same  observer  has  discovered  that  l 

tho   transmission  of  the  stimu] 
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along  tbe  line  traversed  by  the  stimulus.  It  haa  been 
found  that  a  stimuIuH  radiated  from  the  centre  traverses 
the  leaf  in  a  lonjfitudiual  more  rapidly  than  it  docs  in  a 
transverse  direction — a  circumstance  apparently  to  be 
explained  by  the  fact  tbat^  in  the  longitudinal  direction, 
owing  to  the  elongated  shape  and  disposition  of  the  cells^ 
the  stimulus  has  to  pass  through  a  smaller  number  of 
obstructive  cell-walla. 

Theirritability  and  answering  movements  just  described 
are,  however,  altogether  exceptional  events  in  plant  life  ; 
more  especially  if  we  refer,  as  at  present,  only  to  cases 
where  there  is  reason  to  suppose  it  possible  that  the  move- 
ments are  in  part  due  to  contractility,  rather  than  to  mere 
disturbance  of  tension  in  some  of  the  cells — movements 
of  the  latter  order  being  not  nnfreqnent  in  stamens,  seed- 
podSf  or  other  parts  of  plants.  Yet  even  in  these  plants, 
where  contractility  appears  to  exist  to  a  more  marked 
extent  than  in  any  other  known  members  of  the  vegetal 
kingdom,  there  is  no  development  of  a  specialized  con- 
tractile tissue,  and  still  less  is  there  an  appearance  of  any 
nerve  fibres  along  which  the  molecular  disturbance  consti- 
tuting the  Rtimulus  may  be  transmitted.  The  obstacles 
opposing  the  passage  of  the  stinmlus,  to  which  reference 
has  been  made,  would  indeed  also  tend  to  impede  the 
formation  of  a  special  tissue  along  the  line  of  discharge. 

In  Animal  OrganismB,  however,  we  have  a  highly  im- 
pressible and  very  active  variety  of  protoplasm,  the  units  of 
which,  particularly  as  met  with  in  the  lowest  forms  of 
animal  lile.  do  not  go  on  to  the  formation  of  a  distinct 
cell-wall,  and  are  for  the  most  part  aggregated  into  mere 
fienii-fluid  or  gelatinous  tissues  capable  of  transmitting 
vibrations  in  ditfcrent  directioua  with  the  greatest  ease. 

This  is  the  case,  for  instance,  in  MedusoD,  which  are 
perhaps  the  lowest  animals  in  whom  a  nervous  system  is 
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met  with.  The  recent  iuvpstigations  of  G.  J.  Romanes* 
in  rognnl  to  tliis  suhject  nro  parfcienlnrly  interesting, 
because  they  seem  to  show  such  a  system  actually  in  pro* 
cess  of  evolution.  The  contractions  of  tho  bell-sliaped 
swimming  disc  of  common  Modusic  must  be  familiar  ta 
most  dwellers  by  th»  seaside,  and  we  now  learn  that  thii 
part  is  lined  internally  by  a  very  thin  layer  of  hij^lilj 
contractile  protopliiym,  not  yet  presenting  tho  dctinite 
characters  of  muscle.  We  learn  also  that  this  contractile 
layer  is  permeated  by  a  network  of  incipient  nerve  fibres, 
in  connection  with  rudinieiitaiy  ganglia,  near  its  fr< 
margin.  The  degree  of  irritability  of  these  altogether 
elementary  animal  tissues,  and  the  rate  at  which  stimuli 
traverse  them,  is  alike  remarkable,  and  fur  ahead  of  what 
may  be  met  with  in  the  plants  in  which  analof^oui^l 
changes  are  most  marked, — such  as  tho  Venus  fly-trap  ^^ 
or  the  Sun-dew. 

According  to  Ramaucs  the  moleculur  discharges  issuing 
from  a  single  rudimentary  ganglion,  in  the  swimming  bell 
of  a  large  Aureliii  weighing  thirty  pounds,  were  suflirient 
to  incite  vigorous  contractions  throughout  the  whole  mass 
— though  this  mass  weighed  iJO,000,000  times  as  much 
as  tlie  ganglion  itself.  When  all  the  ganglia  have  l>een 
removed,  he  Ima  found  that  a  wave  of  contraction,  startin 
from  any  part  of  the  disc  which  is  touched,  will  travel 
equally  in  all  directions  at  (he  rate  of  a  foot  and  a  half 
per  second,  so  that  the  contraction  of  the  whole  boll  is 
practically  simultaneous — and  therefore,  in  marked  con* 
trust  wilh  the  very  sluw  bending  of  tho  irritated  tontacl 
of  a  Sun-dew. 

Thus  the  preliminary  conditions  already  asserted  to 

necessary  for  the  initiation  of  a  nervous  system  are   her* 

present  to  ft  well-marked  degree,  and  in  notable  contrast 

•  «  riiil.  Trans.,"  Part  T.,  1876. 
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to  what  obtaius  amougst  tho  members  of  the  rcgetable 
.world. 


As  to  tho  mmlc  by  wLicb,  in  Mcdusie  or  other  low  typos 

of  animal  life,  the  tirat  iiidimeuts  of  a  nervous  system  are 

evolved,  only  a  few  brief  statements  can   bo  made.     On 

H^his  subject  inferences  have  only  too  often  to  take  the 

^B>lace  of  positive   knowledge.     Fortunately,  however,  the 

^Bataon  whicli  such  inferences  may  be  based  are  now  fairly 

^^eoll   established,  thanks  more   especially  to  tho  writin^^s 

of  Herbert  Spencer* — whose  speculations  on  this  soLjet^t 

P^ve  been  to  some  extent  confirmed  by  the  recent  investi- 
gations of  Romanes  a-nd  Eimer, 

J In  tho  lower  forms  of  animal  Hfo,  we  have  to  do  with 

^■^  body  sabstauce  composed,  as  already  stated,  almost 
^Hrholly  of  undiEerentiated  protoplasm.  This  substance, 
^Hf  not  '  sensitive '  in  the  strict  sense  of  the  term,  is 
^Highly  impressible — or  capable  of  receiving  a  stimulus — 
^^nd  is  also  highly  contractile.  But  neither  the  impressi- 
bility nor  tho  contractility  of  the  protoplasm  in  lower 
»rm8  of  animal  life  is  localized — both  properties  are,  so 
ir  as  they  exist,  uniformly  possessed  by  all  parts  of  the 
rganism.  In  some  of  the  larger  Ciliated  Infusoria,  in 
regarino?,  and  in  the  hydroid  Polyps,  distinct  rudimen- 
iry  *  muscles  '  become  differentiated,  and  such  tissues  are, 
loreovcr,  now  known  to  exist  in  many  other  organisms  in 
which  no  traces  of  a  nervous  system  are  to  bo  found. 
^^Inscular  tissue,  therefore,  makes  its  appearance  before 
^^^^^^^^  tissue,  and  it  becomes  developed  in  thof^c  situa- 
tions where  the  protoplasm  is  stimulated  to  undergo 
requent  contractions. 

It  is,  in  fact,  one  of  the  most  fundamental  troths  in 
pology  that  tho  performance  of  functions,  or,  in  other 

•  "PnncipIcB  of  Ps^cliology,**  vol.  ii.  p.  GO. 
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Sntly  recurriiipf  contractions  in  any  one 

^protoplasm  will  almost  certainly  lend  to  a 

[b    therein.       And»    further,    wo   ure   warr^ 

psing  that  aucb  structural  change  will  be  of 

t  the  occurrence  of  the  actions  by  which  it  li 

produced — that  is,  that  the  modified  protophi 

jre  highly  coulractile  than   the  original   proi 

which  it  has  been  produced. 

t  what,  it  may  be  asked,  is  the  cause  of  these] 

•ing  contractions,  the  occurrence  of  which  is  sn] 

Lially  to  load  to  the  production  of  muscular 

iction  80  invariably  follows  upon  stimuliitioi 

Ly  safely  say  the  causo  in  question  can  be  DO 

[he  incidence  of  certain  stimulations — and  H 

(Imil  not  bo  very  far  wrong  if  we  suppose  thai 

[rom,  or  take  their  origin  in,  shocks  or  other  pi 

lona  upon  definite   though  related  parts  i 

surface  of  the  organism.     Its  form  or  its 

-ession  by  cilia  may  lead  it  to  come  into  c 

!mal  objects  most  frequently  by  some  pan 

|B  surface,  and  such  local  shocks  produce  wfl 

r  movement,  which  pass  mi 
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shape  of  tbo  part  struck,  or  owing  to  the  fact  that  an 
impression  matle  upon  one  region — say  a  tentacle — is 
nsnully  followed  pretty  quickly  by  a  second  impression 
made  by  the  same  moving  object  upon  another  surface 
regioUj  UiHt  au  impression  or  Btimuhis  comes,  as  Ilcrbt.'rt 
Spencer  points  out,  habitually  to  traverse  a  certain  path. 
Much  of  the  molecular  motion  cousBqnent  upon  the  '  stim- 
ulus'  is  drafted  along  this  path.  This  being  so,  the  stim- 
ulus necfjssarily  tends  to  excite  contractions  in  particular 
parts,  and  thus  leads  to  the  differentiation  of  the  pro- 
toplasm of  such  parts  into  the  more  or  less  definite 
Muscular  Tissue  found  in  some  of  the  lowest  animal 
organisms. 

This,  however,  ia  not  all.  The  localization  of  the  path 
of  the  stimulus  leads  to  structural  results  of  another 
kind.  Whenever  external  impressions  produce  molecular 
movements  which  traverse  with  frequency  some  delluite 
path,  the  transference  of  such  movements  is  made  easier 
by  each  repetition,  and  there  is  a  tendency  to  the  initia- 
tion of  a  structural  change  along  this  path.  Just  as  the 
frequent  repetition  of  contractions  in  certain  parts  of  the 
protoplasm  leads  to  the  production  of  distinct  muscular 
tissues,  80  the  frequent  passage  of  a  wave  of  molecular 
movement  along  a  definite  track  throngb  protoplnRm  or 
through  juxtaposed  plastides,  leads  to  the  differentiation 
of  the  protoplasm  thus  acted  upon.  At  first  the  actual 
structural  change  may  be  unrecognizable,  although  a  '  line 
of  discharge  '  may  have  become  established  along  which 
impressions  are  habitually  transmitted  with  ease,  as  seems 
to  be  the  case  with  the  majority  of  Medusas.  Ultimately^ 
however,  by  the  constant  repetition  of  such  a  process,  we 
should  have  the  gradual  formation  of  an  actual  '  Nerve 
Fibre' — this  being  a  tissue  element  whose  special  nse  and 
duty  IB  to  transmit  molecular  movement,  and  which  may 
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These  bodies  are  interj)oscd  bo  as  to  conHtilute  i>art  of  the 
actual  path  of  the  Btimulus  wave,  autl  accordingly^  they 
^3&fty  be,  in  effect,  junctions  for  ingoing  impressions  or 
dividing  gtatious  for  out-going  impressions.  The  matter 
composing  them  seems  to  be  endowed  with  extreme  mole- 
cular mobility.  It  is  owing  to  the  multitudiuous  com- 
hinations  of  thcso  bodies  with  one  another,  and  with 
Jngoiug  and  outgoing  fibres,  iu  modes  which  will  be 
letched  in  the  next  ohapter,  that  the  complex  work  of 
'the  nervous  system  is  enabled  to  be  carried  on. 

Nerve  tissue,  in  the  lower  forms  of  animal  life,  is 
isentially  subsernent  to  the  bringing  about  of  more- 
lents  in  more  or  leas  immediate  respouKe  to  external 
shocks  or  other  localized  impressions,  or  of  movements 
and  glandular  activity  as  a  result  of  improssioufl  upon 
intomal  surfaces.  These  vanons  movements  gradually 
become  more  definitely  related  and  appropriate  as 
'spoQses,  in  proportion  as  the  organism  becomes  better 
f«ble  to  discriminate  the  differences  between  the  several 
Linda  of  impressions  made  upon  different  parts  of  its 
irfiice. 

Even  amongst  Medusa  definite  responses  to  stimuli 
are  occasioually  met  witli.  Thus  in  the  liemiRpherical 
Tiaropsis,  from  the  iuside  of  which  hangs  a  long  funnel- 
like  body  or  polypile,  this  structure,  as  Romanes  says,  is 
/ound  to  be  capable  of  '*  localizing  with  the  utmost  pre- 
ision  any  point  of  stimulation  situated  in  the  bell.  Fur 
(Stance,  if  the  bell  be  pricked  with  a  needle  at  any 
tint,  the  polypite  immediately  moves  over  and  touches 
lat  point.  ,  ,  .  If  immediately  afterwards  any  other 
part  of  the  bell  be  pricked,  the  polypite  moves  over  to 
^that  part,  and  so  on."  From  this  it  may  be  concluded 
!*  that  all  parts  of  the  ball  must  be  pervaded  by  lines  of 
ischarge,  every  one  of  which  is  capable  of  convojing  a 


ironded  with   a  otinguig 
pi,  the  nkoath  of  the  ftQinuJ.     GattBeqnenl 
IriDg  object  loaches  the   bell — viiether  ii 
yor  ft  creature  serring  as   prcT — it    mast 
^Hlige   to  the  Meda&a  that  its  polvpite  ii 
I^Mr  quickly  to  tiie  right  spot,  in    the  onel 
jYway  the  euemj,  and  in  the  other  to  capl 

U,  in  all  probability,  the  delicate  impressti 
I  by  contact  of  the  sea-wiiter  with  the  sarfaeol 
(Urn,  acting  throagh  the  intermediatioa  of  thl 
ganglia  near  the  edge  of  the  swimmin 
tend  to  incite  its  apparently  '  spontil 
!nt8.  At  all  events,  when  these  little  hodj 
id  the  hftbitual  rhythmical  contractions  i 
Ling-hell  cease,  and  a  single  stimulation  \ 
of  the  bell  is  then  followed  by  a  single  conti 
rnlrast  between  the  behaviour  of  such  an  i 

which  is  uninjured,  is  very  striking.^ 
[iply  the  kind  of  correlation  above  typified^ 
MH'H    that  as  organisms,  or   their  descei 
iu  their  ability  to  discriminate  diffej 
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than  is  any  one  cause  of  ini|-)ression8  isolated  from  otbera 
with  which  it  may  be  aRfiOfiiited  in  the  complex  web  of 
external  occurrences.  Each  acquirement  serves  as  a 
Btepping-Htone  to  the  next,  and  eacli  new  resjwnso  is 
made  easier  by  those  previously  rendered  possible.  In 
thiH  way  the  correspondence  between  the  organism  and 
the  outside  world  ^adually  becomes,  as  Herbert  Spencer 
biia  ur^ed,  both  more  precise  and  more  complex.  By 
alow  degrees  a  more  and  more  harmonious  relationship 
between  the  two  is  brou^i^ht  about,  the  degree  of  complexity 
of  which  we  are  left  to  gauge,  principally  by  an  esti- 
mation of  the  character  of  the  movements  executed  in 
relation  to  the  Btimnli  from  wbich  they  immediately  or 
remotely  proceed.  We  have  at  first  to  do  with  mere 
simple  *  reflex*  actions;  in  higher  forma  of  life  some  of 
these  actions  increase  so  mncli  in  complexity  as  to  become 
worthy  of  the  name  Mnstinctivo';  whilst  in  still  biglior 
organisms  we  have  what  are  called  *  intelligent  *  actions 
in  increasing  proportion,  though  always  intermixed  with 
multitudes  of  others  belonging  to  the  '  instinctive  *  and 
lo  the  'reflex'  categories. 


CHAPTER    n. 
ri$K   anoxtvHK  or  a  sxrvocs  ststcv — mcxvB 

CKLLS,    AXD    OAXGLLi. 


Thk  N':rvoim  Svbtom  in  all  higher  animals  is  oomposed  of 
utr\i;  fif/rcH  ufid  nerve  cells,  together  with  an  intermediate 

\,u>.\h  Hifl/!-:tiiij(:e  in  tlioHc  parts  whore  the  latter  units  are 
|iiiiiri|mlly  rhi!il.i:n;(l  to*^'*.'lher.  The  whole  forms  a  con- 
liiMKiiiK  iihiiiUf,  variously  urrang(.'d  and  distributed  through 
Ihf  liodifH  iti  aninialH,  and  diflering  notably  in  its  de- 
V('l(i|iiii(rit,  ill  tu'tionlnucc  with  tlie  complexity  of  organiza- 
Ijun  III  iUi'.  rrrHtiii'o  of  which  it  ftirms  part. 

Ill    all   aniiiialM  a  c<'rtain   order  or    plan   is,  however, 

I i^iii/ublo   in   iIh)  nnnhf  of  arrangement  of  the  typical 

rliMiit'iiln  of  the  nrrvouK  HVHtcni.  Thus,  without  exception, 
\\v  lliid  iiijMting  niMvr-iibi'es  proceeding  from  sense  organs, 
di'  I'liMii  tithrr  Hciihitivc  parts, to  groups  of  nerve  cells  more 
oi  h'ttn  IV»'t»I\  connected  with  one  another  in  some  *  nerve 
cculvc.'  TlicMO  ccllrt  an\  in  their  turn,  connected  with 
nuMtlhM'  hct  of  inlcr-rclatrd  niTvo  cells,  situated  either 
do-.e  111  ov  at  »  diNtaneo  from  the  first;  and  from  this 
hccond  nvoup  of  cells  a  set  of  outgoing  nerve  fibres  pro- 
ceed. >\lovh  arc  ilistribulcd  to  muscb»s  or  to  glands  in 
xuuou**  )»avts  of  the  body.  Nerve  olemcuts  so  arrauijcd 
%s*»»».ta«to  Ihc  f«ncii»nwl  units  of  a  nervous  system.  This 
U  lUo  kind  of  iwivh«uisiu  by  means  of  which  *  reflex 
lki't«%m«*  W^  l^Hl^t  »Wttt ;  ftod  these  form  the  ground- 
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oi'k  of   all  simple  modes  of   nervous  Rctivity.     l{y  an 

(letiuit-e  mulLi|tltc'iilion   of    such  coinbinatioiiH  of   nerve 

UDJta,  variously  ananged,  (itimuU  or  impressions  (repre- 

aonted  by  inoleculur  luoveraents)  are  conducted  fmra  the 

avious  sensitive  surfiiccs  or  parts  of  the  body  to  related 

rve  centres,  and  aro  thonco  reflected  ho  as  to  rouse  the 

ictivity  of  related  muscles  or  glands. 

The  groups  of  nerve  cells  above  referred  to,  together  with 

me  portions  of  their  related  fibres,  are  usually  aggre- 

ted  BO  as  to  form  diKtinct  and  separate  nodules  known 

'gftuglitt.'     Those  ui  connection  with  ingoing  (or  affe- 
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rcnl)  fibres  are  commonly  spoken  of  as  *  sensory  gan- 
glia,' whilst  those  which  lie  at  the  roots  of  outgoing  (or 
efferent)  nerves  are  known  as  '  motor  ganglia/ 

Two  or  more  sensory  ganglia,  or  two  or  more  motor 
ganglia,  may  grow  together  into  a  single  mass ;  or  what  13 
e^jually  common,  a  sensory  and  its  corresponding  motor 
ganglion,  or  two  or  more  pairs  of  these,  may  fuse  into  a 
single  larger  nodule, which  maybe  called  a  '  nerve  centre.' 
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The  term  gaoglioD  is,  boirerer,  oommonlj  applied  to 
any  round  or  ovoid  nodale  contaming  zierfe  eells,  whatever 
iU  size  or  degree  of  iBtemal  complexity.  Many  ganglia 
in  lower  animals,  which  are  typically  deeening  of  the 
name  as  regards  mere  form  and  eep&rateness,  are  also, 
by  reason  of  their  compoond  nature,  trae  nerTo  centres. 
The  two  terms  are,  therefore,  to  a  considerable  extent, 
interchangeable. 

Fusions  of  ganglia  may  occur  dnring  the  development  of  < 
Bome  animals,  especially  if  they  pass  through  distinct 
phases  of  existence,  as  with  Insects  (figs.  8£^41).  Similar 
changes  are  also  presumed,  by  believers  in  the  doctrine  of 
mrolation,  to  occur  duriug  the  development  of  the  race,  since 
10  many  highly  or^ranized  animals  we  may  find  a  large 
compound  ganglion  iu  the  place  of,  and  doin^  such  work 
I  falls  to,  two  or  more  smaller  separate  ganglia  in  simpler 
members  of  the  same  class  of  animals — for  example,  in 
diflferent  forms  of  Crustacea  (figs,  34-36).  This  kind  of 
fiiHion  or  coalescence  uf  primitive  ganglia  attains  its  maxi- 
mum in  the  brain  and  spinal  cord  of  vertebrate  animals. 


From  their  nnkod'eye  appearances  nerve  tissues  are  com- 
monly divided  into  '  grey '  and  '  white '  matter.  The  grey 
matter  of  the  nenous  system  is,  for  the  most  part,  gan- 
glionic tiRflue,  in  which  nurve  cells  are  more  or  less  thickly 
clnnU^Ted.  The  white  matter,  on  the  other  hand,  such  as 
ve  find  in  the  brain  and  spinal  cord,  is  composed  of  an 
aggregste  of  nerve  fibres.  These  tissues  are  of  a  soft 
pultaceous  or  semifluid  consistence,  and  are  composed,  in 
the  main,  of  water,  of  phosphorctted  fats,  and  of  protein 
compounds.  The  amount  of  water  varies  from  75  to  85 
per  cent.  It  is  mure  abundant  in  the  grey  than  in  the 
white  matter;  more  abundant  in  lower  than  in  higher 
auimala;  and  it  likewise  forms  a  larger  proportion  of  tho 
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ftre  tissues  of  youiif^er  animals  than  of  those  in  whom 
le  nerve  centres  ftre  more  fnllj  elaborated.    The  chemical 
compounds,  entering  into  the  constitution  of  nerve  tinsnos, 
are  also  extremely  complex  and  very  unstahle.   Thus,  both 
^^rom  their  physical  and  chemical  composition,  it  is  thought 
^Bhat  waves  of  molecular  movement  are  easily  initiated  in 
and   easily   propngatcd    through   ncrvo   colls   and   fibres. 
Whether  these  molecular  'waves' or  *  currents' in  nerve 
tissue   are    brought   about   by   virtue   of   mere    isomeric 
changes  or  by  actual  decompositions  occurring  in  their 
^—^abstance  is,  for  the  present,  extremely  doubtful.* 
^B  Our  knowledge  of  tlie  exact  arrangement  of  the  ana- 
'      tomicnl   elements  of  nervous  tiesurK,  as  well   as  of  their 
modes  of  development,  is  as  yet  merely  in  its  infancy.    We 
have   much  to   loaru  concerning   the   actual  relation  of 
fibres  and  cells,  and  their  different  modes  of  continuity; 
^our  knowledge  of  the  atructural  relations  existing  between 
^Hifferent  centres  in  higher  animals  is  most  incomplete ; 
'      and,  conconiing  the  various  kinds  of  peripheral  nerve  end- 
ings, much  doubt  and  uncertainty  also  prevail.    The  more 
diflicultquostions  touching  ner\'o  evolution  and  development 
are  proportionately  further  from  their  ultimate  Bolution. 

But,   whatever  the  precise   mode  in    which  the  nerve 

cell  is  originally  evolved  in  the  race,  or  developed  in  the 

embryo  of  any  particular  animal,  it  is  perfectly  certain 

that   many   of   these  bodies    are   subsequently  found  in 

organic  continuity  with  nerve  fibres  and  with  one  another; 

^Ko   that  (whatever  other  function   they  may  fulfil)  nerve 

BHells   would    seem  to   form    meeting-points   or   termini, 

I      in  which  different  nerve  currents  arriving  at  and  passing 

through   clusters  of    such  bodies,  may  be  brought  into 

relation  with  one  another,  and  whence  thoy  are  certainly 

capable  of  being  diverted  into  new  directions. 

•  Spencer,  "  Principles  of  P&ychology,"  vol.  i.  p.  20. 
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Without  eutoviu^  upou  any  discasslon  as  to  the  dilTcr*' 
ences  existing  between  tbe  nerve  elements  of  higher  and  of 
lower  animals,  and  dwellju*^  but  briefly  upon  the  many 
dllTerencos  of  opinion  which  exist  in  regard  to  the  actoal 
strut'ture  and  rehitious  of  these  elements,  an  cndeavoar 
will  be  made  to  give  the  reader  some  notions  concemin| 
their  most  probable  arrangement — Huch  notions  aS" 
may  enable  him  to  comprehend  the  descriptions  given  in 
succeeding  chapleve  of  the  different  forms  of  the  nervous 
system,  as  well  as  of  the  nature  and  mode  of  compositiou  ™ 
of  that  portion  of  it  known  as  the  '  brain*,  in  various  orderttf 
of  animals  till  we  come  to  man  himself.  In  this  way 
it  will  bo  possible  for  the  reudcr  who  bestows  an  adequate 
amount  of  attention,  to  obUin  a  good  insight  as  to  tbe 
nature  of  some  of  the  most  definite  and  best-grounded 
notions,  which  are  at  present  either  actually  held  or 
warrantable,  concerning  the  structure  and  functions  of 
the  '  Brain  as  an  Organ  of  Mind.'  ^H 


Nerve  Fibres. — At  their  commencement  near  the 
iutcrniil  and  exteruul  surfaces  of  the  body,  and  also  near 
their  endings  in  muscles  and  glands,  nen*es  are  repre- 
sented by  extremely  fine,  almost  trituspareut  '  fibrils'  from 
^P^j5^th  to  -nroVoo*^^  ^^  *^°  ^^^^  ^^  diameter.  These 
fibrils  freely  interlace  with  one  another,  so  as  to  form 
minute  loops  and  plexuses,  and,  within  sliort  distances, 
they  often  vary  considerably  in  diameter  (L.  Beale). 

Much  might  be  written  were  we  to  attempt  to  discom 
tbe  various  modes  in  which  the  fibrils  commence  or  termi 
nate,  and  their  precise  rchitiun  to  other  tissue  elements  i 
various  parts  of  the  body  ;   but,  in   spite   of  the  grea 
interest  attaching    to   these   questions,    they  cannot 
entered  upon    in  this  work.      A  slight  reference  to  the 
subject  is,  howcvor,  made  (p.  67)  in  the  next  chapter. 


Chip.  II.] 


A    NKKVOUS    SYSTKM. 


81 


The  ultimate  bumllcs  of  elementary  *  fibrils '  are 
gradually  aggregated  iuto  larger  Imudlcs,  or  'fibres/  as 
they  recede  from  their  scats  of  orig'in  or  termination  and 
approach  the  nerve  centres  with  wliich  they  are  in  com- 
municatiou.  These  smaller  bundles  soon  become  enve- 
loped in  a  very  delicate  mcmbranons  sheath  (Schwann), 
whilst  the  component  fibrils  fuse  more  or  less  completely, 
so  that  the  fibre  appears  cither 
etrucluroloBB  (tij?.  8),  or  merely 
shows  sifcnH  <jf  fibrillation.  A  little 
further  on  these  still  small  fibres 
become  enTclo]>ed  by  a  layer  of 
white  semi-flnid  'medullary  sub- 
stance,* which  lies  lieneath  the 
membrauons  sheath  of  Schwann, 
and  forms  a  while  border  to  the 
nerve  as  it  is  seen  on  micro- 
scopical examiuatiou.  Thus  a 
dark  hnrdere.tl,  tvhiU\  or  meduU 
lilted  nerve  fibre  is  formed. 

Such  dark-bordered  fibres  are 
at  first  vcr>'  slender ;  but  by  co- 
alescence with  others  of  the  same 
kind  larger  fibres  are  produced 
(fig.  4),  var}4ng  in  man  from  y^oon^^^  to  -jifffo*^  ^^  ^^ 
inch  in  diameter.  Tlitj  ccniral  portion  of  such  a  nerve 
fibre,  ■^'iz.,  that  lying  within  the  white  medullary  sheath, 
is  its  most  important  nonatitiiont ;  it  is  almost  translucent, 
and  is  known  as  the  a.ris  band  or  axis  ciflhulcr.  In 
the  perfectly  fresh  state  it  shows  faint  traces  of  fibril- 
lation, but  unless  exHiiiined  ivith  care  it  may  appear 
structureless,  and  yield  no  evidence  to  the  microscopic 
observer  as  to  its  compound  nature.  Under  the  iullueuce 
of  slight  traction,  or  by  imbibition  of  water,  these  modal- 


Fir..  3.  —Human  Nerve  FUtrM 
of  dUTuvDi  »lim  (KuUllterX 

<i,  fl,  n  Ilcfillhjr  nbrcs.  t-bo 
IniTfoMt  of  which  1b  '  lUHc-tmr- 
doivi.'    4.  b   Fihres  alti'rcil  hy 

iuot«ra. 
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lated  uervo  fibres  speedily  niidergu  dianije.     Tlipy  then  not 
unfroqueutly  assume  au  iirogulur  or  Yaricose  appearance — 


Fio.  4.— Small  Brxnch  of  a  Vnindar  V«r«tt  erf  the  FViv,  nw  iu  Ternttimtlna, 
■honrinff  diviaiooa  ot  the  PihnM.  Minified  S60  dUmetcft  (Koaikur).  <i.  into  two ; 
6,  into  tlinwt. 


priuvipally    owing    to    chauges    in    the  white    morlnllnry 
■heath  (fig.  3,  h,  b). 

The  uae  of  this  white  investing  subslaucc  is  not  known. 
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It  is  absent  from  the  i>en|>Loral  extremities  of  the  nerves, 
and  it  is  absent  also  from  their  central  cxtroraitiea,  nt  the 
points  whore  the  fibres  approach  or  depart  from  the  nerve 
cells.  Both  it  and  the  mombrauoua  iuvoHtin^  Hheath  have 
been  of  late  ascertained  to  be  regukrly  interrupted  at 
comparatively  short  dibtanceB,  ao  that  Buch  nerve  fibres 
have  the  appearance  of  being  constricted  in  these  situa- 
tions (Ranvier). 

Nearly  all  visceral  nerves,  as  well  aa  the  fibres  of  the 
olfactory  uud  some  others,  do  not  posaess  this  medullaiy 
sheath,  to  which  the  dead  white  colour  of  the  great  ma- 
jority of  uciTe  fibres  is  due.  They  are,  therefore,  semi- 
translucent  or  grey 
ill  tint,  and  are 
commonlyknown  as 
the  jutlff  rfclatinons 
or  non-meduUafcd 
fibres  (fig.  5).  Their 
average  thickness  is 
about  THfo ijth  of  nn 
inch  ;  and  they  dif- 
fer from  the  dark 
bordered  fibres  prin- 
cipally in  the  ab- 
sence of  the  medal-  ,J'°/-^'^*^T/'r^J'*lT'*  ^'°  ^f^n"" 
lai*y  sheath.  They  rIwwIui;  it*  coiutitueut  itbrUiM  (bu:  •■,  i,  sucioi  lu 
present  a   distinct 

appearance  of  fibrillation,  are  surrounded  by  a  delicate 
membranous  envelope,  and  the  larger  fibres  are  similarly 
formed  by  the  running  together  of  fibrils  and  smallor 
fibres. 

Nerve  fibres  thus  compounded,  both  dark  bordered  and 
pale,  similarly  tend  to  aggregate  into  cords  or  bundles  of 
diiferent  sizes,    the  fibres  of   which    run    parallel  to  one 


TBS  sTmrcTrt£  of 

,  ftDd  arc  inTested  hj  m  ihwth  Tbcas  AgBui,  to 
Ihcir  eonne  tawardM  the  ccatre,  ooOeet  inio  lu^er  ud 
larger  bandies,  tlie  difenai  alenaalB  of  wUdi  ai«  all 
Umiid  Inyrfhw  into  one  wlule  tisnk  or  '  Drrre  *  (fig,  6), 
by  mecaa  of  a  firm  nmnectiTe  tissue  enndope,  which 
aeoda  thiim^r  inTestiii'  pwilcpgatioM  in  amoogai  tlie 
eooatitaeiit  corda. 

These  '  nerres  *  of  rarioas  sixes  freqaenU  v  contain 
within  the  same  bundle  boih  ingoing  and  ontgrang  fibres, 
and  are  tht^n  known  as  *  mixed  Derres '.  Others  contain 
only  'aenaorj',  or  onlr  'motor'  fibres.  In  their  eonrse 
nerT4!8   often   commanicate   fireely  one  with   anoUier  by 

^^^^  Fw,  A,     P'.rtl.ti   nt   the   TrnA    nf    %    Scrtr.  cncj««tin^  of  mmy  uiuklkv 

^H        Vii^i|i»d  up  in  a  •••mtit'-'B  >h«^tti 'C/iu.iii  aflT  Mr  I-'    BvU'.     «  .  Uie  ik'Ttl- ;  ».  a 

H  means  of  l)rancbe(i.  Snch  commnnicfiting  branches  are 
f  MipMiAllv  uuiJieroQS  in  the  course  of  the  visceral  nerves, 
rind,  whcm  many  occur  amonr^st  some  parttculur  set  of 
cuhIh,  whiit  is  termed  a  '  plexus  *  is  formed  (fig.  7).  In  these 
ijh'XiiKtm  tlic  individual  nerve  fibrils  do  not  undergo 
divinion.  Stiroe  of  them  merely  Wave  one  bundle  or  cord 
Mu\  jmMH  to  anotlier,  with  the  fibres  of  which  they  are 
uUimntcly  diHtribiitod,  cither  to  muscles  or  to  nerve 
cvuirtHi, 

Tho  Mmiillor  ineduUiited  nerve  fibres  unite,  so  far  as  we 
know,  only  near  tbeir  conimeuceraents,  and  the  larger 
motor  fibn*«  only  tmdt^rgo  bifurcation  near  their  termina- 
tinnn  in  niUsrleH  or  glands  (fig.  4),  The  fibrils  or  ele- 
nii'iitarv  coUMtitnentH  of  the  fibres  probably  do  not  dinde 
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at  all.  Tbey  are  to  be  roRardetl  as  single  channels  (however 
devious  their  course  niuy  he),  alonr^  each  of  which  separate 
stimulus-waves  are  capable  of  being  transmiUed.    We  can 


Fio.  T.— Tlia  Cerrfiral  IMukum,  n>in|in«od  by  i titer liu.'einentK  nf  tlie  Ust  ftmr  ccrvka 
<l,  4,  3,  4)uid  Um  fint  dDnuU  uorvM(A).  The  vorintiB  bnaobea  1-2l)aro  clUtrfbutod 
Vt  ttw •boulder,  um.  furu-anu,  ftud  huid.    (Hapiiey  after  IlirAohfeUL) 

Bpe^ik  here  only  of  probability,  as  this  is  a  subject  neces- 
sarily beyond  the  reach  of  actual  observaliou. 

t 
Nerve  Cells  vary  much  in  size  and  shape — the  smallest 
Wing  alx>ut  ^uinT^h.  whilst,  the  larf^er  may  bo  ^-iytb  of 
an  inch  or  more  in  diameter.  They  arc  more  or  less 
granular  bodies,  each  of  which  contains  a  large  nucleus, 
and  within  iliis  an  unusually  distinct  ^nuclenlns'  (figs. 
1  and  S).  Kear  the  nucleus  a  heap  of  yellowish  or 
orange  coloured  pigment  granules  may  often  be  seen.  The 
subRtancp  of  the  cell  is  continued  into  two  or  many  *pro- 
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Pin.  8,-- flADglluQ  Coll  fruui  Bhtorinr  Uom  or  Cornu  gf  Onj  lUtt«r  in  tho  ^ttuX ; 
Cnnl  nf  A  calt    (,  Frocewea  abruptly  brck«n  off.    a,  Tbe  utU  cyllndttr  prwwm. 

M-rilftcf1  «l  04it  AGO  dUiiw««n.     (M»x  ScImtLw.) 
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cesses,*  which  are  either  much  branched  (fi^.  12) 
(ramifying;  processeH)  or  simple.  It  is  by  means  of  these 
different  kiuds  of  processes  that  nerve  cells  are  nuited 
to  the  central  oxlremitie8  of  the  nerve  fibres  and  to  one 
another.  It  is  worthy  of  note  that  the  substance,  both  of 
the  nerie  cell  and  of  its  proccsst's,  when  examined  under 
high  magnif)'ing  powers  can  often  be  seen  to  be  dis- 
tinctly tibrillated  in  the  same  manner  as  the  '  axis  band  * 
of  a  nerve  fibre,  with  which,  or  with  the  ramifications  of 
•which,  some  o."  these  processes  are  continuous. 

If  the  fibnllations  of  the  axis  band,  and  of  the  nen'd 
process  into  which  it  may  be  continued,  correspond  with 
functionally  if  not  structurally  distinct  fibrils — that  is,  with 
sepRrute  paths  for  stimulus  waves — ho,  in  all  probability, 
the  fibrillations  of  the  nerve  cells  will  indicate  as  many 
distinct  paths  of  stimulus  waves  through  them  in  different 
directions.  The  appearances  presented  by  the  cells  are 
quite  consistent  with  this  view  (fi{^.  8).  Fibrillations,  for 
instance,  can  be  seen  passiiig  from  one  nerve  process 
in  a  curved  direction  throut^h  the  lN)dy  of  the  cell  and  into 
another  process  ;  whilst  others  in  the  same  process  can  be 
followed  throuf^h  the  cell  in  quite  difiercnt  directions. 
There  is  no  difficulty  in  supposing  that  many  nerve  currents 
may  pass  through  one  of  these  compound  nerve  fibres^ 
just  as  many  electric  currents  mitjht  pass  simultaneously 
through  u  single  telegraphic  or  telephonic  wire. 

These  fibrillations  of  the  nerve  cell  are  probably  sequen- 
tial to,  and  gradually  differentiated  in  the  course  of,  its 
functional  activity.  It  is  not  unreasonable  to  expect  that 
there  would  be  a  gradual  marking  out  of  the  paths  of 
habitual  nerve  currents,  through  the  previously  structure- 
less though  slightly  granular  substance  of  the  nerve  cell, 
during  their  passage  from  fibre  to  cell  and  from  one  of 
these  bodies  to  another. 
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In  ftccoi-dance  with  this  view,  we  should  not  expect 
liud  iu  the  lunjorlty  of  gaiiglioD  cells  terminations  or  origLni 
of  such  fibrils — whether  in  tho  nucleus  or  free  in  the  hodi 
of  the  cell.  If  tho  fibrillations  are  the  structural  correla- 
tives of  nerve  currents,  they  should  be  generally  as  con- 
tinuous and  unbroken  as  the  latter,  and  just  as'derions, 
winding  and  irregular  in  their  path. 

We  should  scarcely  look  for  free  ends  or  beginnings  to 
such  fibrils  elsewhere  than  at  the  periphery.  And  if  the 
semblaucc  of  free  ends  are  ever  recognizable  within  the 
body  of  tho  coll,  it  will  probably  bo  in  young  cells  in 
which  the  functional  (and  therefore  the  structural)  current 
lines  have  not  yet  been  sufficiently  developed  by  constant 
repetitions.  Much  obscurity,  however,  still  reigns  in 
regard  to  all  these  matters.  We  do  not,  indeed,  know 
definitely  how  far  this  kind  of  fibrillation  of  the  nerve  cells 
is  general,  and  whether  there  may  not  be  whole  groups 
of  them  in  which  no  such  arrangement  e^dsts.  It  is  quito 
conceivable  that  in  some  neno  centres,  where  *  spon- 
taneity* of  action  appears  to  prevail  (or,  in  other  words, 
whence  widespread  and  sudden  irradiations  of  motor 
stimuli  may  emanate  on  slight  provocation),  we  might 
have  a  diffcrout  kind  of  action  altogether.  The  nerve 
cells  of  such  centres  may  approach  nearer  to  H.  Spencer's 
ideal,  and  be  true  '  liboio-motor'  elements. 


The  Neuroglia,  or  iiatermediate  substance,  exists 
most  abundantly  iu  the  larger  nerve  centres,  such  as  the 
Brain  and  Spinal  Cord.  It  has  been  most  commonly 
regarded  as  a  companilivoly  insigiiiiicaut  connective  tissue, 
though  some  few  physiologists  have  always  been  willinjT, 
and  even  anxious,  that  it  should  be  credited  with  higher 
developmental  and  functional  capacities. 

It  is  composed  in  part  of  minute  corpuscles  or  cells. 
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united  to  one  another  by  raeana  of  a  network  of  slender 
ramifying  fibrils  (fig.  9),  and  in  part  of  an  interspersed  bomo- 
geneous  or  simply  gi'auular  Laais  substance.  It  bus  been 
long  known  to  Goutaiu  some  small 
branched  corpuscles,  almost  iudis- 
tingiii8bable  fi'om  young  nerve 
cells ;  and  of  late  the  much 
branched  processes  of  many  folly 
developed  nerve  cells  have  also 
been  thought  to  have  a  structural 
continuity  with  this  minute  net- 
work of  the  neurofiflia.     If  these  ' 

.  ,  Via.  l).~P«jrtl<iii  fif  Nouiuyliii 

observations   are  correct,  portions  trota  t»o  spinu  com.    (ii._n 
oi    the    'intermediate    substance'  "-^  '"  "T"   *»"'"";" 

nuolal    or    celw    m    IntemUa, 

would  often  constitute  part  of  the  but  at  two  piaooA  ohuw  umeia 

...  11  .       form  IntcrlAceinontA  ore  nliuwti 

Circuits  traversed  by  nerve  currents  {Kouiker.)   MocDifled  aw  du 

in     their    passage     through     the  »"«*«"■ 

centres, 

ITiis  intermediate  tissue  is,  in  short,  the  probable  matrix 
wherein  and  from  which  now  nerve  fibres  and  new  nerve 
cells  are  evolved  in  animals,  of  whatsoever  kind  or  degree  of 
organization,  during  their  advance  in  reflex,  in  instinctive, 
or  in  intellectual  acquirements.  Some  such  process  must 
take  place, /«iri7?rt«»»  with  the  acquisition  of  new  know- 
ledge and  powers,  of  all  kinds  and  howsoever  acquired  : 
whether  it  comes,  as  in  lower  animals,  from  mere  intercourse 
with  natural  phenomena ;  or,  as  amongst  ourselves,  from 
similar  means,  supplemented  by  individual  application  in 
tlie  mastery  of  educational  or  professional  pursuits  and  of 
all  kinds  of  handiwork  ;  or  whether  the  new  knowledge  and 
powers  come  to  us  as  a  result  of  that  more  general  edu- 
cation or  '  experience  '  which  is  gaiued  by  daily  intercourse 
with  the  pleasniefi,  troubles,  turmoils,  and  exertions  in- 
separable from  social  life.    The  acquirement  of  new  jwwers 
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or  accompliRlimentfi  must  correspoud   either  with    more 
or    less    alt<?rntion    of   old,  or   with  the  development  of, 
new  Btractares,  in    one    or  more  of  the  various  oei 
centres. 


The  Structural  Relations  of  Nerve  Cells  with  Nerve 
Fibres,  and  with  one  another. 


Norre  cells  are  supposed  to  communicate  with  nerri 
iihres  and  with  one  another  in  the  following  modes : — 

1,  The  nerve  cell  occurs  ns  a  round  or  elontj^ut-ed  swell- 
ing in  the  course  of  a  nerve  libre,  as  may  he  seen  in  figs. 
10  and  II. 

Here  an  undivided  nerve  fibre  swells  more  or  less  nhmptly 
into  the  nerve  cell,  and  similarly  emerges  therefrom,  so 
that  the  cell  in  this  case  is  only  a  nucleated  expansion  of 
the  fibre.  The  fibrils  of  the  axis  band  may  be  seen  pass- 
ing through  the  cell  in  a  divergent  and  re-oouvergent 
fashion,  having  the  finely  granular  basis  substance  of  the 
coll  between  Ihem.  The  sheath  of  the  fibre,  thongb 
usually  not  the  medullary  substance  (fig.  10),  also  2>asses 
over  the  cell. 

A  point  which  will  bo  found  more  doubtful  in  other  coses 
is  most  distinctly  illustrated  here :  viz.,  that  a  struc- 
tural continuity  exists  between  the  substance  of  the  cell 
and  that  of  the  nerve  fibre.  There  is  no  distinct  line  of 
demarcation  between  the  two.  But,  so  far  as  we  know  at 
present,  this  particular  relation  of  fibre  ^nd  cell  exists 
principally  in  gfinglia  peculiar  to  the  ingoing  nerves  and 
situated  near  the  great  centres  to  which  tliese  are  attached. 
There  is,  it  is  true,  some  reason  for  believing  that  a 
similar  rehitiooBhip  may  exist  in  some  of  the  ganglia  on 


CaJLT.  n.1 


A    NKRVOU8    SVSTEM. 


41 


9t9  10.— Thnw  Mpobr  GongUoti  Cella  fmm  tha  fifth  uemt  of  tb«  Tike  (Strieker 
mtUr  luaaer). 

Fio.  II  — TtiTM  bipolar  Ougllon  CcIIn  from  tha  Auditory  nerre  of  tha  Pike:  a. 
•ntinlr  fnclOMd  wicUln  tha  medullary  ihe^th ;  6,  wUrely,  and  r,  partlikUy,  aKpoaed. 
to  ihow  tknt  tbaao  gu>g\Um  cells  err  tuUy  exponaiona  of  tha  ucia  baud. 


the  visceral  nerves,  and  tbat  Kometbing  like  it  also  eusts. 
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though  on  a  much  smaller  scale,  iu  the  course  of  ultimate 
j>eripheml  nerve  fibres  (Beale). 

2.  The  ingoinf;  nerxe  fibre,  on  subsequently  reaching  its 
centre,  divides  into  its  elementiiry  tibrils,  and  these  become 
structurally  continuous  witli  a  fine  network  of  fibrils  (Ger- 
lach)  forming  the  rootlets 
of  ramifying  nerve  pro- 
cesses belonging  to  one 
or  more  contiguous  nerve 
cells  (fig.  12). 

This  kind  of  connec- 
tion is  thought  to  exist 
not  only  iu  the  spinal 
cord,  but  also  in  the 
superficial  grey  matter 
of  the  braiu  (both  cere- 
brum and  cerebellum), 
though  it  is  by  no 
means  cert-ain  whether 
the  fibres  which  unite 
with  the  cells  iu  this 
fashion  in  the  latter  or- 
gans constitute  ingoing 
or  outgoing  channels. 

It  is  into  such  a  union 
as  this  that  the  fibrils 
and  corpuscles  of  the 
*  neuroglia '  (fig.  9) 
seem  to  enter,  Cer- 
taiuly  its  network  can- 
not be  distinguished  or 
clearly  separated,  in  many  nerve  centres,  from  that  formed 
by  the  ultimate  nerve  fibrils  and  the  branchlets  of  ramify- 
ing cell  processes* 


Kio.  t:i.*Mu)tipotar  OongllDn  Cflll  from  *»• 
torior  grey  tiutler  of  Hpliml  Cord  of  Ox.  «, 
Axbi  c^llu'lcr  iimcuM  ;  6,  hrnnchfld  proowwon. 
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8.  In  other  nene  cells,  t'uruisheil  with  many  ramifyiu; 
processes,  one  long  Hiinjilu  process  maybe  seen  (figs.  13,  a, 
14),  vrhich  is  occasionally  traceable  into  direct  continuity 
with  the  entire  axis  cylinder  of  a  norve  libra  (Deiters). 
This  mode  of  union  is  now  genenilly  admitted  to  exist,  and 
it  is  not  improbalile  that  nerves  so  arising  are,  usually  a( 
least,  outgoing  fibres.  "Whilst  this  view  cannot  be  defi- 
nitely veritiod^  it  is  a  fact  that  such  processes  have  beou 
found  pnncipally  in  the  spinal  cord  in  connection  with 
the  norvo  cells  of  the  anterior,  or  motor,  regions  of  ita 
grey  matter. 

There  is  thus  some  ground  for  believing  that  ingoing 
fibres,  in  the  majority  of  cases,  swell  in  the  po^^terior  spinal 
ganglia  and  their  analogues  into  nerve  c^lls  (fig.  10) ; 
that  within  the  larger  nerve  centres  these  fibres,  which 
convey  ingoing  curreuta.  break  up  into  a  pencil  of  ultimate 
fibrils,  and  that  these  ultimate  fibrils  may  be  partly  in 
Brrnctui-al  continuity  with  the  neui'ogha,  and  partly  with 
the  radicles  of  a  much  branched  nerve  process  (fig.  12)» 
the  divisions  of  wliich  unite  (like  the  radicles  of  a  vein), 
till  they  are  gathered  into  one  or  more  branches  directly 
continuous  with  the  substance  of  the  nerve  cell.  Such 
arrangements  may  suffice  to  break  the  force  of  Ingoing  Cur- 
rents as  they  impinge  npon  highly  excitable  centres ;  or 
their  diffusion  therein  may  thus  be  facilitated,  and  as  a  con- 
sequence they  may  be  enabled  to  come  into  relation  with  the 
nltimnte  ramifications  of  processes  pertaining  to  several  colJa, 

On  the  other  hand,  there  is  ground  for  believing  that 
Outgiiiug  Currents  leave  the  cells  of  the  spinal  motor 
centres  by  undivided  processes,  \\bich  are  directly  con- 
tinuous with  the-axis-banda  of  dark  bordered  nerve  fibres. 

Should  these  suppositious  be  correct  as  to  the  mode 
in  which  currents  impinge  upon  the  sensory  side,  and 
subsequently  issue  from  the  motor  aide  of  a  nerve  centre, 
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then,  in  order  to  complete  onr  mental  survey  of  the  path 
of  a  Btimiihis  wave  throu^^h  such  a  nervous  arc  as  is  called 
iato  pUy  in  one  of  the  higher  animals  during  the  perform- 
ance of  a  'reflex  ac- 
tion/ it  only  remains 
tu  consider  the  m(j<les 
of  connection  exist- 
ing? between  the 
several  cells  of 
sensory  groups  and 
of  motor  groups, 
together  with  the 
kinds  of  communica- 
tion existing  between 
these  two  orders  of 
nerve  units. 

4.  Between  the 
oonti^ous  cells  of  a 
motor  and  perhaps 
also  of  a  sensory 
group,  union  is 
brought  aboat  in 
some  cases  by  means 

...  Fin.  14.— Motor  Xervo  Colls  connoctod  by  inter- 

of      a      short      simple    celbiUr  pnwMaM  (A.  /').  tiud  Rl^iig  origin  to  outgu- 

inierci^lMar  process,  !"«  **"^  <"; ''  "•  ""'^  ">•  *•  «f' r^i'^  «"  cc"*^!"- 

'-  '    iDK  ititich  pi)fiiteut  arouiia  duc)ou«.     Inagrunimatii:. 

such  as  we  see  repre-  (v*«t.f 
sented  in  figs.  1  and 

14.  But  whether  this  is  the  most  frequent  means  of  union, 
or  whether,  in  the  majority  of  cases,  especiallj'  amongst 
sensory  groups,  it  is  not  rather  by  tlie  inosculation  of  the 
rootlets  of  ramifying  processes  (with  the  possible  intcrme- 
diutiou  of  the  neuroglia)  we  cannot  at  present  suy.  There 
is  reason  to  believe  that  Iwth  modes  of  union  may  exist. 

5,  Tho  cells  of  u  sensory  group  arc  united  with  the 
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cells  of  a  motor  group  by  one  or  otlier  of  these   mudef 
though   in  regard  to  this  point  we  have  even  less  certuin 
knowlcdgo  than  concerning  the  last.      Of  the   existence 
of  such  coimectiug  or  'commissural*  fibres — which  are 
either   short  or  long  according  to  the  proximity  or  re- 
moteness of   the  two  groups   of 
cells — there    can    bo   no    doubt. 
Uncertainty  exists,  however,  with 
regard  to  the  precise  mode  of  their 
connection  with  the  sensory  nerve 
cells   on  the   one   side   and   the 
motor  on  the  other — whether  at 
cither  extremity  they  are  continu- 
ous with  undivided  cell-processes, 
or  break  up  and  inosculate  with 
ramifying  cell-processes. 

t\\     ^W^^  f  More  room  for  doubt,  therefore, 

^  ^^^Ef  //      //  exists  in  regard  to  the  precise 
il^^By  /       I J    modt'S  in  which  stimulus  waves 
v^flk  i       ji     traverse  nerve  centres,  than  con- 
XjK/f        \m     corning  the  manner  in  which  thoy 
\nP^/        S     impinge  upon  or    depart  there- 
1/S^     .^\      from. 
W^— ^^^  6.  In  the  '  sympathetic  *  or  vis- 

K  ccrnl  ganglia  of  the  Frog  and  other 

ifl^  animals  another  kind  of  relation 

rg  between  fibres  and  cells  has  been 

shown   to  exist   (Lionel  Beale). 
The  cells  are  pear-shaped  and  the 
narrow  extremity  of  each  of  them 
":ZL"t:'^'X^lTS:'>.t  !«  «mtinued  iutc  a  process  which 
coUed fibre ;  c.wiuiUcronojuitiiiig  iq  tum  becomes  coutinuous  with 
a  dark-bordered  fibre,  whilst  one 
or,  it  may  be,  two  or  more  smaller  fibres  seem  to  arise  from 


Fto.  15.  —  •  Sympathetic '  Oan- 
Rllo»-caU  uf  a  Frotf.  rrrf  \t\gh\y 
itUMroifled ;   Mwordlni;    to    B«ftl«. 
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the  surfttco  sobstftnce  of  the  same  extremity  of  the  cell, 
whence,  after  twisting  round  it  and  the  Btrai^lit  process- 
several  times,  they  pass  away  in  diflpcrent  directions. 
Occasionally  L,  Beale  has  seen  the  spiral  process  con- 
tinnons  with  a  diirk-hordored  fibre,  though  in  such  cnses 
it  is  not  certain  whether  the  straight  process  is  or  is  not 
continnous  with  a  fibre  of  the  same  kind,  J.  Amcld  has 
.Also  descrilwd  cells  of  this  type,  and  helieves  that  the  pro- 
cesses arc  in  connection  with  the  nucleus  of  the  cell,  an 
arrangement  which  has  not  been  confirmed  by  other 
observers.  The  fig- 
ures given  by  Axel 
Key  and  Retzius 
agree  closely  with 
those  of  Beale. 

7.  But  in  the 
'  sympathotic  *  or 
visceral  ganglia  of 
man  and  other 
higher  vertebrates  it 
is  most  common  to 
find  many  simple 
processes  issuing 
from  large  and  very 
granular  ganglion 
cells.  Whether 
each  is  directly  con- 
tin  noaswitha  single 

ner^-e  fibre,  after  the     p,„   ir>    M..mi«ur  o&ngHon-con.  imm  'Hymp^ 
fashion  dia<n'amma-  Uicticor  Miui<MM8<ibuiu«'.  mgUymuffntftcd.  <•, 

!•      11        J     ^-    1     1     •       f***^  '"""  c»p»uIo ;  6,  ftndoMd  within  nucleated  caiw 
tlCally    depicted    m    juU    the  proo«««  of  bath  brokwi  off. 

fig.   2,    or  whether 

some  of  the  processes  end  difterently,  has  not  as  yet  been 

sufficiently  ascertained.     These  large  multipolar  ganglion 
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ccllft  of  the  Bvmpatbelic,  like  those  last  described, 
enveloped  by  a  fine  membranons  sheath  dotted  with  many 
Dudei,  and  the  sheath  is  continaed  for  some  distance 
along  each  of  the  nerve  processes,  in  the  form  of  a  loose 
envelope. 

8.  Lastly,  unipolar  nerve  cells — that  is,  nerve  cells 
ftttuated  at  the  end  of  a  single  nerve  fibre—  are  alleged  to 
exist  Id  the  ganglia  on  the  spinal  ner>'es  and  elsewhere. 
They  have  again  recently  been  figured  by  Axel  Key  and 
Ik'tzioH,  tboagh  many  modern  observers  have  been  very 
^c^'ptical  as  to  the  existence  of  such  l)odios.  Beale,  for 
iofftanco,  mainlaius  that  all  nerve  cells  have  at  least  two 
processes.  AVithout  attempting  to  explain  their  use  or 
mode  of  action,  it  seems  to  the  writer  that  such  anipolar 
nerve  cells  certainly  exist  in  some  of  the  tower  animals. 
He  has  himself  seen  and  figured  such  bodies  as  they  occur 
in  Ascaris  (Phil.  Trans.  1806,  PI.  xxiv.) ;  and  in  many 
other  animals  nerve  nnits  of  the  same  kind  have  been 
likftwiso  recognized  by  competent  observers. 

Many  of  the  so  called  apolar  nene  cells  may,  as 
G.  H.  Lewes  suggests  in  a  recent  work,*  be  nothing 
more  than  imperfectly  developed  ganglion  cells,  in  which 
tlie  proceaaes,  if  not  absent,  are  so  abortive  as  to  escape 
observation.  All  who  have  examined  nerve  centres  with  the 
microscope  know  that  multitudes  of  such  bodies  are  to  be 
found,  though  they  are  often  very  small — not  much  larger 
than  mere  nuclei — and  therefore  liable  to  be  regarded  as 
belonging  to  the  neurogha  rather  than  to  the  nervous 
tissue  proper.  And  if  some  of  the  cells  and  nuclei  usually 
asHigned  to  the  'neuroglia'  are,  in  reality,  potential  or 
eml)ryo  non'e  cells,  the  importance  of  this  intermediate 
tissue  as  u  formntive  mutrix  in  which  new  developments 
may  take  place,  will  at  once  appear. 

•  »•  Tlio  Fbysical  BatiU  of  Mind."  1877.  p.  2»*. 
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Thus  far  concerniu^;  tbe  simplest  elements  of  a  nervous 
mechanism.  It  should  now  be  stated,  however,  that  even 
wheu  the  Nervous  System  consists  of  a  mere  muhiplication 
of  the  simplest  combinations  necessarj'  for  the  excitement 
nd  execution  of  *  u^flex  actions,'  the  groups  of  these 
ervous  arcs  are  ahnost  always  arranged  in  pairs,  one  on 
each  side  of  the  middle  line  of  tlie  body.  The  body  of  au 
animal  is  for  the  most  part  divisiblo  by  a  median  lon^- 
tudinal  plane  into  two  symmetrical  hulves,  and  the  integiul 
parts  of  the  nervous  system  are,  in  the  main,  similarly 
double.  In  some  lower  organisms,  such  as  certain  Mollusks, 
Worms,  and  Crustacea,  these  halves  of  tlie  nervous  system 
are  distinctly  separated  from  one  another  (figs.  23,  32, 
34),  though  in  Vertebrate  Animals  they  are  always  more  or 
less  fused  into  one  axiul  *  cerebru-spinal '  system  (lig.  20). 


fio.  IT.— Nervous SyAtons  of  one  of  the  BaUdin(f^;oiirta//aufiVti).  (Qe^nfaauer  aftar 
Ber^Bfli).  A.  SupnMMophagvikl  Muury  t(iu>KlU,  cjuipoecit  ot  two  pftira  of  gaiiKll* 
I,  ibe  cercfarAl  In  front  uul  the  branchia,!  hrlilnd  :  aich  pair  united  bj  ita  own 
eommlMure.  B.  GrMt  motor  guiffUa,  In  oonnectlou  with  the  Mui>Dry  gBoglla,  and 
with  otko  Miothor  by  theoomtoUsure  c.  C,  Buccitl  gxngKa.  D.  rcwtro-fBaophagiiMl 
ganglta.  a  and  A,  rfervm  from  tbo  veoiory  tentado*.  r,  Nerreii  rnim  the  genital 
offaiH.  d.  PriucliM&I  motor  uorvea  of  the  body.  <',  Commlaiiuro  uf  ttio  bnnohlal 
generllA. 

These  lateral  halves  of  the  nervous  system  are  connected 
with  one  anollier  by  means  of  shorter  or  longer  transverse 
tibres,  which,  gathered  into   thick   or  thin  bundles,   are 
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known  as  *  commisBures.*  Socb  trftngrer^e  eommissarii 
always  xmiie  similar  ganglia,  whether  these  are  so  close 
as  to  be  more  or  less  oontinnons^  or  distinctlj  separated 
from  one  another.  Two  or  three  illnstrations  will  snffice 
to  make  these  bilateral  arrangements  more  intelligible  to 
the  reader. 

In  some  of  the  Nudibranoluate  Mollasks  so  common  on 
the  sea- shore,  there  is  in  front  and  on  each  side  a  large 
roondish  though  fanctionally  compound  ganglion  receiring 
numerons  ingoing  nerves  and  counecied  with  its  fellow 
bj  means  of  a  very  thick  and  a  thin  commissure  {^,  17)«  ^i 
The  sensory  ganglion  is  also  connected  on  each  side  bj  ^M 
means  of  a  short  commissure  with  its  own  motor  ganglion,  ^1 
from  which  outgoing  nerves  proceed  to  tlie  muscles,  and 
the  two  motor  ganglia  are  in  their  turn  connected  by  a 
longer  transverse  commissure  (fig.  17,  e). 

Thus,  in  each  half  of  the  body  of  one  of  these  ani* 
mals  there  is  a  complex  aggregate  of  the  mechanisms  for 
reflex  actions — represented  by  ingoing  fibres  entering  a 
BcuBory  ganglion  in  connection  with  a  motor  ganglion, 
together  with  outgoing  fibres  issuing  from  the  latter. 
Whilst  in  addition,  the  two  halves  of  the  nervous  system 
are  united  to  one  another  by  the  above-mentioned  trans- 
verse commissures.  It  is  by  virtue  of  the^e  connections 
between  the  respective  ganglia  of  the  two  sides  that  a 
properly  co-ordinated  activity  of  the  whole  body  is  rendered 
possible,  in  response  to  sensory  stimuli. 

In  other  animals,  such  as  the  Grasshopper,  whilst  the 
bilateral  symmetry  of  the  nervons  system  (fig,  18)  is  just 
as  obvious,  it  is  much  more  complex  and  more  developed 
longiiudinally.  The  sensory  and  motor  ganglia  are  nume- 
rous and  are  arranged  side  by  side  in  serial  order,  though 
many  of  them  are  more  completely  fused  with  one  another 
and  with  those  of  the  opposite  side  than  is  the  case  with 
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the  two  pnirs  of  f^ii- 
glia  of  Eolis.  Thus 
raedlan  compouod 
gangHa  (fig,  18,  (/) 
are  formed,  connoctcd 
with  one  another  by 
single,  or  it  may  l»e 
hy  double  (f,  h)  com- 
niiRsures,  The  ter- 
minal doable  group 
I  a)  represents  the 
bniin  of  the  animal, 

|4ind  this  is  probably 
Cftpablo  of  receiving 
■timali  by  some  tibreH 
pom  the  flcnsory  por- 
bon  of  each  single  or 
Double  ganglion 
throughout  the  body 
of  the  Insect.  It  can 
probably  also  transmit 

Riotor  stimuli  along 
tlier  commissural 
bres  to  each  motor 
ivision  of  the  same 
^^ody  ganglia. 
^H  In  the  Gnisshopper 
'  the  brain  is  not  more 
^^bau  three  or  four 
^■Itnes  as  large  as  one 
^of  the  compound  gan-     ^     ..    v-  .       .  .».   r.    .  r, 

'  "_  Fi«.    IS— Norvuiis  aysUm  ol  the  Oreat    Green 

glia  in  communication    Oru»hr>pper  (>*eW|K>rt).     A.IjvkUi;  B,  optic  nn-m: 

with    the    legs    and  ^'  ""^""^  "'^~'  "'  "*****''  """"^  *^  '""'^*"* 


mgs. 

In  Vertebrate  Ani- 


mim  mib-AanptuijfoA]  gnngHim  ;  p.  fin.t  thoroctc  gan- 
glion,  coniMctstl  to  ths  s«coii(^  u  the  woond  In  to 
tbo  Ibinl.  hv  two  ciinimiiicurML 
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maU  W€  have  a  still  fkrtber  conceotratiun  of  the  nerroitB 
gjtietD,  In  lower  terms  of  the  series,  sacL  as  Fishes 
and  Ampbibia  (Hg.  56),  tbis  coDccutratiou  is  seen  to  the 
most  marked  extcut  in  the  chain  of  ganglia  pertaining 
tc  the  thorax  and  alMlomen.  In  these  animals  and  in 
all  other  vertebrates  they  are  most  completely  fased  into 
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Flo.  It— TmuvarM  MctloD  throo^li  narann  SpinJ  Covd  tn  eeirlcal  ngloa. 
dlowlDH  tha  uniu  t*W  conpoMd  of  tw*>  lymnielrieal  h&lTtt.  (Bappex  After  St  Uliny.) 
Thm  Mark  pgrtton  etwrMpnod  to  ngfons  couUluing  tnngltudfiui]  flbras  ;  tlie  Kgbtsr 
pgrUuns  nniifiit  die  oratral  Orey  Uattar  and  Um  boriaoDtal  rtwu  of  nema ; 
)>,  e,  if'/minlaaiiiM  ouhsccUdk  tho  ■ymmakrieal  halTca  of  tho  gnj  matter;  11,  tl, 
11,  itnlffHtvnr  motor  m^  uf  pjAdm}  ncrwtm,  eonrinff  f ram  ODtarUn-  Honu  orCornua 
of  Orejr  Matter,  Ut  wMcb  wo  tituiumnia  fnmpa  of  lar^a  (anglloa  eeJla;  in,  poa- 
l'-rliir<«  w-iiMory  r<>>»ta  rf  ■iilrial  ncrrca,  sntarlnff  tlie  inatvriur  Uoma  of  Orty  Matter* 
)l«ifrtin«4i  ab»«it  sitfbl  dUiitciani. 


a  more  or  Irss  cylindrical  colnmn  known  as  the  '  spina] 
cord.*  Tbis  cord  coDBtitutea  a  tlonble  and  fused  series 
of  nerve  centres  in  relation  with  the  superficial  as  well  as 
with  the  doept^r  structures  of  the  greater  part  of  the  body, 
including  all  the  great  nerves  of  the  limbs. 
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A    NERVOUS    SYSTEM 


In  higher  ver- 
tebrates, Buch  as 
Binlfl  and  Mam- 
mals, we  have  this 
same  fusion  of  gan* 
glia  in  the  spinal 
cordtfig.l9),wlulttt 
a  similar  process 
also  displays  it- 
self to  a  more 
marked  extent  in 
the  brain.  In  the 
higher  fonns  (»f 
this  serieSy  and 
above  all  in  Man 
himself,  the  gan- 
glia uf  the  brain 
become  more  and 
more  int4?gratod, 
and  some  of  these 
parts  also  take 
on  an  enormous 
development. 

The  weight  of 
the  entire  Brain, 
compared  with 
tat  of  the  Spinal 

►rd     indeed      Un-         ^*"'  ^" — 0«n«ralTtow  of  N<.trTon!«Sj'(.ti?n!  of  M.in,  from 
*  '      ,  tieliliid.      I,  Combniin  ;  J,  cerelwllurn  ;  li,  upi>or  f wrt  of 

ergocs  a  great  in-    npniAi  cord.   iMiTort.) 
aBeiueachdivi- 
on  of  the  vertebrates.     In  the  Lamprey  this  relation  is 
id*  to  be  as  '013  to  1 ;  in  the  Newt  as  *55  to  1;   in  the 
eon  as  3*5  to  1 ;  in  the  Mouse  as  4  to  1 ;  whilst  in 
•  Marsbairs  "  Outlines  of  PhyBioIogy,"  vol.  i.  p.  4O0. 
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Man  it  is  about  40  to  L     Thus>  ivbilst  the  Ceirbntl 
and  the  Cerebellum,  which  together  constitute  the  Brain, 
is  actually  much  ligbtci'  in  the  Lamprey  than  the  Spinal 
Cord,  these  same  parts  in  Man  are  found  to  attain  com- 
paratively enormous  diniensionB^  and  greatly  to  exceed  in 


weight    the   in 
centres. 


tighly  important^    spinal 


CHAPTER   III. 


TEE  VBS   AKD   NATURE   OF   SEN8E   OKOANS, 


Heat  aud  li-^'ht  are  pUysicivl  iiiflueucos  to  which  ovon 
the  lowest  nuits  of  liviug  matter  respond,  whether  their 
mode  of  life  and  nutrition  he  most  akin  to  that  of  Pknts 
or  to  that  of  Animals.  These  influences  act  upon  such 
organiflms.  either  hy  Htimulatiiig,  retarding,  or  othorwise 
nio<lif}'ing  the  chemical  changes  occurring  in  their  interior, 
and  upon  the  exii^tenco  of  which  their  Life  depends. 

Where  the  vital  processes  of  the  organism  are  stimulated 
by  these  physical  agencies,  their  incidence  may,  in  many 
inHtancee,  become  the  cause  of  so-called  '  spontaneoua ' 
movements.  And  some  sort  of  foundation  exists  for  this 
jwpnlar  mode  of  expression.  A  movement  which  follows 
immediately  upon  some  locnli/ed  external  stimulus  is 
not  said  to  be  *  spontaneous : '  the  terra  is  generally 
applied  where  the  cause  of  the  movement  is  not  distinctly 
recognizable.  In  some  of  theRe  cases — as  when  we  havo 
to  do  with  the  influence  of  a  diffused  physical  agent  such 
as  heat — an  undetected  or  unconsidered  external  cause 
really  exists,  which,  by  stimulating  the  vital  pi-occsses, 
gives  rise  to  movements  seemingly  spontaneous.  Whilst  in 
other  cases,  movements  apparently  spontaneous  are  to 
bo  referred  to  internal  states  or  changes,  that  is  to  impres- 
sions emanating  from  some  of  the  internal  organs  which, 
aEler  passing  through  one  or  more  ganglia,  are    trans- 
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niitte*!  along  outgoing  nerves  to  some  of  the  organi 
locomotion. 

Heat  often  acta  upon  orgauismB  upon  all  sides  alike; 
consequently,  lliough  it  may  stimulate  tLeir  life-proces 
generally  and,  in  Hume  inslanocH,  give  rise  to  movcmen 
— the  latter  arc  not  determined  in  one  more  than  in  ao 
other  direction.  It  is  well  known  to  stimulate  tlio  *  to 
and-fro  '  or  the  gyratory  movements  of  Bactena,  and  other  ^j 
of  the  lowest  organisms ;  and  whilst  it  also  renders  Tnnr^^| 
striking  and  rapid  those  changes  of  form  which  all  Amfle-^i 
b*ml  Orgauismti  are  apt  to  (bsplay,  the  movcmeuts  evoked 
are  similarly  random  and  devoid  of  purpose. 

It  is  not  altogether  similar  with  the  influence  of  Light. 
This  agent  almost  always,  and  of  ucoessity,  falls  more  on 
one  side  of  an  organism.  Cunsequeuily  it  often  saffices 
to  induce  movements  of  the  lower  forms  of  life  in  deGnite 
directions,  just  as  it  canses  similar  renponsive  movements 
to  be  executed  by  the  parts  of  any  higher  plants  which  may 
come  fully  under  its  int!ucnce.  In  each  ctiHC  the  move- 
mentj  or  altered  position,  is  due  to  some  nutritive  change — 
that  is,  to  some  alteration,  whatever  its  nature,  in  the 
activity  of  the  life-processes  taking  place  in  the  part 
impressed  by  the  light.  So  that,  whether  we  have  to  da 
with  the  movement  of  a  Sunflower  or  with  the  l 
motions  of  minute  liniig  units,  the  essential  mode 
production  of  the  movement  is  prohably  similar. 

Of  such  locomotiuns  of  minute  living  organisms  nndor 
the  influence  of  light  many  instances  might  be  cited ;  it 
will  suffice,  however,  to  mention  the  fact  that  green 
Zoospores,  which  may  have  been  uniformly  diffused 
through  the  water,  are  very  apt,  when  the  vessel  containing 
them  is  placed  near  a  window,  to  collect  on  the  surface  of 
the  water  at  the  part  where  most  light  falls,  and  the  same 
would  hold  good  also  for  many  Medusie.     Minute  animal 


Chap.  III.] 


OV    BEN8K   ORGANS. 


67 


orrjanisma  are,  however,  often  affecteJ  quite  differently  by 
this  ajreut.  Tboy  mny  move  away  from  rather  than 
towards  its  source,  and  to  this  extent  may  be  said  to 
'seek*  the  shade  rather  th;in  the  glare  of  sunlight. 

The  operation  of  such  influences  and  their  results, 
form  the  bef^iunings  or  substrata,  as  it  were,  of  other 
phenomena  with  which  we  are  now  more  particularly 
concerned-  The  unilateral  influence  of  Light  and  the 
movements  to  or  from  its  sourco  to  which  it  gives  rise, 
afford  a  connecting  link  between  diffused  cauKos  like 
Heat,  which  operate  generally  and  produco  purely  random 
motions,  and  those  more  localized  influences  now  to  be 
considered,  by  which,  and  the  intermediation  of  a  more 
and  more  complex  Nervous  System,  the  various  definite 
or  responsive  movements  of  organisms  have  been  gradually 
evoked  and  potentially  organized. 


Touch. — The  first  to  be  considered — because  it  is  the 
simplest — of  these  localised  inflncnoeH,  la  a  shock  on  me- 
chanical impact  of  some  kind  falling  upon  the  external 
surface  of  the  organism.  This  is  the  primordial  and  most 
general  of  all  the  modes  by  which  the  surface  of  an 
organism  is  impressible.  Its  sensitivity  to  such  stimuli 
is — both  io  the  stage  of  impression  and  in  that  of 
reaction — closely  akin  to  the  general  organic  irritability  of 
protoplasm,  which  unquestionably  constitutes  its  starting 
point.  These  modes  of  impression  and  reaction  are  the 
first  links  towards  the  establishment  of  a  correspondence 
between  the  organism  and  the  most  common  events  or 
properties  of  the  medium  in  which  it  lives  and  moves. 
It  is,  conBequently,  the  kiiul  of  impreKsibility  most  exten- 
sively called  into  play  in  all  the  lower  forms  of  animal 
life. 

Although  the  whole  or  the  greater  part  of  the  surface  of 
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an  orgauism,  in  one  of  tlio  simple  auimals  to  wliicb  we 
are  refemiig,  may  be  more  or  less  iuipressible  to  shocks  or 
impacts  from  contact  with  surrounding  bodies,  it  often 
liappens  that  snch  imprcssionB  more  frequently  fall  upon, 
and  are  inoro  readily  received  by,  certain  appendages 
situated  at  the  anterior  extremity  of  the  animal,  in  close 
proximity  to  the  mouth.  These  specialized  parts,  or 
*  tactile  appendages',  are  known  ae  papilla*,  sette,  tentacles, 
antennse,  or  palpi,  according  to  the  forms  which  they 
assume  in  different  animtils. 

Why  such  organs  should  be  developed  so  frequently  at 
the  anterior  extremity  of  the  animal,  and  in  the  neigh- 
bourhood of  the  mouth  rather  than  on  other  parts  of  the 
body,  is  not  difficult  to  explain.  Whatever  the  m*xle  by 
which  they  are  called  into  being  (and  the  most  opposite 
views  are  entertained  upon  this  subject),  it  seems  obvious 
that,  if  organs  of  this  nature  are  to  be  present  at  all, 
they  should  be  found  in  situations  where  they  may  be 
put  to  most  use.  In  an  animal  accustomed  to  active 
locomotions,  the  mouth  is,  with  only  a  very  few  excep- 
tions, situated  on  the  part  of  the  body  which  is  habita- 
ally  directed  forward.  And  of  the  diverse  objects  coming 
into  coutact  with  it,  some  are  of  a  nature  to  serve  as  food, 
and  some  are  not.  A  high  degree  of  impressibility  natu- 
rally bueomc'S  developed,  therefore,  in  this  situation, 
where  the  parts  are  exercised  so  largely  with  impressions 
connected  with  the  discrimination  and  capture  of  food. 
These  organs  are,  in  fact,  not  un  frequently  both  tactile 
and  prehensile — this  combination  being  more  especially 
met  with  in  sedentary  forms  of  life,  like  tho  Hydra,  the 
Sea-ancmouo,  or  some  of  the  tentaculated  Worms. 

Taste. — But  it  often  happens  that  the  solid  bodies 
serving  as  food  are  more  or  less  readily  soluble,  so  that  in 
animal  organisms  comparatively  low  in  the  scale  of  com- 
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plexily,  some  of  the  Uctile  structures  within  or  aronnd 
tho  mouth  may  undergo  a  further  spccializAtion,  by  which 
they  atid  their  related  nerve  centres  become  fitted  to  dis- 
criminate between  impressions  of  a  slightly  dififorcut 
nature.  Such  '  organs  of  taste  '  would  become  sensitive 
to  the  more  refined  kind  of  contact  yielded  by  certain 
dissolved  elements  of  the  food,  whose  local  action  is 
perhaps  attended  by  aome  slight  chemical  change  in  ttie 
tissues  of  the  part.  Impressions  are  thus  produced 
whereby  tho  *  sapidity  *  or  (lavour  of  bodies  is  appreciat4?d ; 
and  such  impressions  gradually  become  associated  with 
definite  related  movements,  partly  of  internal  and  partly  of 
external  organs. 

Although  this  mode  of  improsKibihty  doubtless  exists 
in  many  of  the  lower  forms  of  life,  still  no  distinct  organ 
of  Taste,  or  spocializod  gustatory  surface,  is  as  yet  actually 
known  to  occur  among  invertebrate  animals,  except  in 
Insects  and  in  such  higher  moUusca  as  Snails  and  Cuttle- 
fishes. 

Impressions  of  the  two  orders  already  referred  to — 
more  or  less  distinct  from  one  another — are  those  by 
which  alone  mnltitudes  of  the  lower  forms  of  animal  life, 
Bach  as  Polyps  and  various  kinds  of  Worms,  appear  to 
hold  converse  with  the  outside  world.  Seeing,  however, 
that  tactile  and  gustatory  impressions  can  only  be  made  by 
actual  contact  of  external  bodies  with  tho  specialized  ports 
of  an  organism,  such  impressions  are  not  of  a  kind  to 
excite  movements  in  '  quest '  of  food  ;  although  they  may 
lead  to  correlated  motions  of  parts  adjacent  to  thoso 
touched,  as  in  the  acts  of  prehension  and  swallowing. 

Sight. — Movoments  in  actual  quest  of  food  may,  how- 
ever, be  excited  in  other  animal  organisms  by  impressions 
bringing  them  into  relation  vnih  more  or  less  distant 
bodies.      The*-way  is  paved  for  this  result  when  some 
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portion  of  the  anterior  and  upper  surface  of  the  auxmo^ 
in  which  aj^f^regations  of  pigment  occur,  becomea  more 
than  usually  sensitive  to  li^ht.  A  dark  body  passinj^ 
front  of  Buch  a  re^on  alters  or  gives  rise  to  certai 
molecular  changes  therein,  and  these  molecular  chang 
(produced  by  large  or  small,  near  or  remote 
diffeniicj  among  themselves,  become  capable  of  exciting 
dissimilar  iinprfssious  which  the  organism  is  gradually 
attuned  to  discriminate.  The  existence  of  such  a  pow 
of  discrimination  in  this,  as  in  all  other  like  caEK;s, 
indicated  by  the  creature's  capability  of  responding 
impresRions  of  this  order  by  doUnite  muscular  moTements 
— as  when  the  Oyster,  having  the  viilves  of  its  shell 
apart,  instantly  closes  them,  as  soon  as  a  shadow  falls  upon 
certain  pigment-specks,  or  so-called  '  eyes/  at  the  edge  of 
its  mantle.* 

This  beginning  of  visual  impressions  truly  enough  sho 
itself  as  a  very  exalted  appreciation  of  tactile  impressions 
and,  inasmuch  us  such  nn  appreciation  of  the  presen 
of  near  bodies  wcMiId  in  bo  many  instanties  be  quick!, 
followed  by  a  more  gross  mechanical  contact,  the  rudimeo- 
taiy  visual  impression  is,  as  H.  Spencer  happily  puts  it,  a 
kind  of  **  anticipatory  touch."  From  a  simple  beginning 
of  this  kind,  in  which  bodies  only  slightly  separated  from 
the  impressible  foci  excite  certain  general  or  only  vaguely 
specialized  impressions  corresponding  to  li(^hL  and  shade, 
organs  of  Sight  at  once  more  elaborate  and  more  impres- 
sible gradually  appear.  To  rudimentary  aggregations  of 
pigment,  in  some  animals  transparent  media  are  added, 


*  Owen  snyfl  (•'  Comp.  Anal  of  the  Invert.  Animals."  p.  512) 
"Carlisle  first  allowed  tliut  oyster*  were  »»*nHibly  of  light;  having 
obsorved  that  they  closed  their  valves  when  the  shadow  of  ao 
Rpprouching  boat  wna  thrown  forwards  bo  as  to  cover  them,  before 
any  undulation  of  the  water  couM  have  reuched  them." 
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Rervin^  to  condense  the  light  thereon ;  and  these  media 
in  slill  other  organisms  are  sufficiently  like  a  lens  to 
be  adequate  to  form  a  dolinite  image  of  an  external  body 
on  the  layer  of  pigment,  which  (on  its  other  side)  is  in 
contact  with  a  nerve-expansion  directly  communicating 
with  A  contiguous  ganglion.  Numerous  simple  structures 
of  this  kind  may  exist  apart  from  one  another,  as  in  many 
Bivalve  Mollusks ;  or  they  may  be  far  more  numerous  and 
closely  aggrogiitod,  so  as  to  form  such  compound-eyes  as 
are  met  ^\-ith  in  Crustacea  and  in  Insects,  Or  individual 
ocelli  may  be  perfected,  as  in  Spiders  or  lower  Crustacea, 
and  most  notably  of  all  among  the  Cuttlefish  tribe,  in 
the  representatives  of  which  two  moveable  eyes  are  met 
with  whose  organization  is  just  as  perfect  as  those  of  Fishes. 
The  difference  in  degree  and  range  of  sensitiveness 
l>etweeu  the  simple  *  eye-specks '  of  some  of  the  lower 
Worms,  and  the  elaborate  visual  organs  of  the  highest 
Mollusks  and  Insects  is  enormous.  The  range  and  keen- 
ness of  sight  also  become  progressively  extended,  so  that 
creatures  with  the  more  perfect  eyes  are  capable  of 
appreciating  impressions  from  objects  more  and  more 
distant,  and  the  various  actions  which  become  established 
in  response  to  impressions  habitually  made  upon  such 
sensitive  surfaces  also  increase  enormously  in  number, 
variety,  and  complexity.  The  relation  between  the  keen- 
ness of  the  sense  of  sight  and  the  great  powers  of  loco- 
motion possessed  by  Insects  has  long  been  recognized  by 
naturalists.  Prof.  Owen  thus  alludes  to  it:  **  The  high 
degr*«e  in  which  the  power  of  discerning  distant  objects  is 
enjoyed  by  the  flying  insects  corresponds  with  their  great 
power  of  traversing  space.  The  few  exceptional  cases  of 
blind  insects  are  all  apterous,  and  often  peculiar  to  the 
female  sex,  as  in  the  Glow-worm,  Cochineal-insect,  and 
parasitic  Stylops/' 
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As  already  pointed  out,  there  are  obvious  reasons  vrhy 
tlie  principal  specialized  Tactile  Orgnufl  that  may  present 
themselves  in  lower  auimals,  should  be  found  in  the 
neiglibourhood  of  the  mouth  ;  and,  for  similar  reasons,  if 
for  no  other,  the  anterior  extremity  of  the  body,  or  the 
upper  surfnce  near  this  anterior  extremity,  is  the  most 
advantageous  site  for  Visual  Organs.  To  an  active  animal, 
eyes  would  not  only  be  more  useful  at  the  anterior 
extremity  of  the  body  tlmn  elsewhere,  in  relation  to  its 
food-taking  movements,  but  also  in  reference  to  all 
other  uses  to  which  such  organs  may  be  applied  during 
active  locomotions  from  place  to  place.  And  to  this 
situation  of  the  eyes  only  two  or  three  exceptions  are  met 
with  among  animals  endowed  with  powers  of  locomotion : 
whilst  the  few  cAses  of  deviation  arc  mostly  explicable  by 
reference  to  some  peculiarity  in  the  habits  and  modes  of 
life  of  the  organisms  in  queRtion. 

SmelL — In  vision,  as  above  stated,  we  hare  to  do  with 
B  refinement  of  the  sense  of  touch,  whereby  the  animal, 
becoming  sensible  of  impressions  produced  by  *  waves '  of 
light  emanating  from  a  distance,  is  brought  into  mediate 
contact  with  certain  distant  objects.  But  a  sort  of  refine- 
ment of  the  organs  of  tasln  also  occurs,  whereby  bodies 
possessing  sapid  and  other  qualities  are  also  capable  of 
impressing  organisms  still  at  a  distance.  Just  as  vision 
is,  in  its  most  elementary  phases,  a  sort  of  anticipatory 
touch,  80  is  smell  a  kind  of  anticipatory  tastfi.  Yet  the 
two  cases  are  not  altogether  similar.  In  vision,  the 
contact — if  it  may  be  so  termed— with  the  distant 
body  is  mediate,  through  the  intenention  of  ethereal 
undulations ;  whilst  in  smell  we  have  to  do  with  a  case 
of  immediate  contact,  not,  of  course,  with  the  distant 
body  itself,  but  with  extremely  minute  particles  which 
it  gives  off.     An    '  emission '   theory  serves   to    explain 
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the  diffusion  of  odours,  though  it  will  not  hold  for  the 
diffasiou  of  li«:ht. 

From  what  I  have  Bald,  it  may  be  inferred  that,  as  re- 
gards  tlie  delicacy  of  their  reHpective  phynical  caasos,  the 
sense  of  Smell  occupies  a  strictly  intermediate  position 
between  those  of  Taste  and  Sij^ht. 

Although  a  rudimentary  sense  of  Smell  seems  unques- 
tiouably  to  be  possessed  by  such  aquatic  forms  of  the 
invertebrata  as  Crustacea  and  the  higher  Molluaks,  it  is, 
perhaps,  a  sense-endowment  which  generally  exists  to  a 
more  developed  and  varied  extent  amongst  air-breathing 
animals.  But  in  whatever  forma  of  life  it  may  lie  met 
with,  this  sense-endowment  seems  to  be  always  very 
largely  related  to  the  dotectiou  and  capture  of  food.  In 
this  direction  it  comos  to  the  aid  of  the  already  existing 
senses  of  Sight,  Touch,  and  Taste.  It  has,  however,  the 
peculiarity  of  being  scarcely  otherwise  called  into 
activity  amongst  invertebrate  animals. 

Altbough  we  have  so  little  positive  knowledge  con- 
rning  the  situations  of  Organs  of  Smell  in  invertebrates, 
ere  is  good  reason  for  believing  that  they  will  (when 
present)  always  exist  in  close  proximity  to  the  mouth. 
It  seems  possible  that  in  Crustacea  they  are  to  be  found 
at  the  base  of  the  antennulcs ;  that  in  Cephalopoda  they  are 
represented  by  two  little  fosaie  in  the  neighbourhood  of 
the  eyes  ;  and  that  in  Insects  a  power  of  appreciating 
CMlonrs  may  bo  possessed  cither  by  the  antenna)  them- 
selves, or  by  a  pair  of  fossee  near  their  bases.  Another 
cephalic  organ  has  also  been  referred  to  as  possibly  en- 
dowed with  a  power  of  being  impressed  by  odours.  Owen 
says  ;•  "  The  application  by  the  common  house-fly  of  tlio 
sheath  of  its  proboscis  to  particles  of  solid  or  liquid  food 
before  it  imbibes  them,  is  an  action  closely  analogous  to 
•  ••  Comp.  Anat  of  Invertebrate  AnimaK'*  p.  3C8. 
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tbe  scenlinjT  of  food  by  tbe  nose  in  higher  animals ;  ai 
as  it  is  by  the  odorous  qualities,  much  more  than  by  the" 
form  of  the  surface,  that  we  judge  of  the  fitness  of  sub- 
stances for  food,  it  is  more  reasonable  to  conclude  that, 
in  this  well-known  action  of  our  commonest  insect,  it  ia 
scenting,  not  feeling,  the  drop  of  milk  or  grain  of  sugar." 

The  part  of  the  body  bearing  the  month  and  tho  various 
sensory  organs  already  named,  is  fuuiillar  to  all  as  tho 
*  head '  of  the  animal  ;  and  it  is  owing  to  the  fact  of  tho 
clubtering  of  sense-organs  on  this  part  that  tho  head  con- 
tains internally  a  number  of  related  nerve  ganglia.  This 
aggregate  mass  of  ganglia  constitutes  the  '  Brain '  of 
invertebrate  animals.  It  forms  a  congeries  of  nen'o 
centres,  diOering  much  in  different  classes^  as  we  shall 
fini],  not  only  in  regard  to  the  disposition  and  size,  bnt 
also  in  respect  to  the  relative  proportions  of  its  component 
parts.  The  size  of  the  respective  ganglia,  indeed,  neces- 
sarily varies  in  accordance  with  the  relative  importance 
and  complexity  of  the  several  sense  organs  already  men* 
tioned — those  of  Touch,  Ta8le,  Smt-ll,  and  Sight. 

Thcgnnglia  thus  constituting  the  Brain  of  invertebrate 
animals  are  not  only  in  relation  each  with  its  own  par- 
ticular sensory  organs,  but,  iu  addition,  wo  find  the 
several  ganglia  brought  into  relation  among  themselves 
and  with  their  fellows  of  the  opposite  side  by  means  of 
connecting  or  commissural  fibres.  They  are,  moreover, 
often  connected,  by  means  of  much  longer  commissural 
threads,  with  other  nerve  gangUa  in  different  parts  of  the 
body. 

Hearing. — Another  special  sense  endowment  remains  to 
be  referred  to.  This  has  to  do  with  tho  organism's  power 
of  appreciating  the  vibnitionacausing'auditory'  impressions 
— a  power  which  ia,  however,  probably  possessed  in  only  a 
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low  degree  by  most  invertobrato  animals.  Even  the  most 
perfect  form  of  the  orj^an  of  bearing  among  these 
animals  is  but  a  very  nidimentary  atructure.  In  this 
respect  a  great  difference  exists  between  the  sense  of 
Sij,'lit  and  that  of  Hearing.  Whilst  the  eye  of  the 
Cuttle-fish  attains  a  degree  of  eliil)onilion  not  fulling  so 
very  far  short  of  the  most  perfect  form  which  the  organ 
disjduys  among  verlebrutr^  auimuls,  the  organ  of  hearing 
throughout  the  Invertebrnta  is  remurkuhlo  for  its  sim- 
plicity, and  remains  in  all  of  them  notably  inferior  to  the 
very  high  type  attained  by  Una  sensorial  apparatus  in 
many  Mammals  and  in  Man. 

Like  the  sense  of  Sight  and  the  sense  of  Smell,  that  of 
Hearing,  even  in  its  simplest  grades,  serves  to  bring  the 
organistn  into  relation  with  more  or  less  distant  bodies. 
It  is  only  necessary  that  these  latter  should  bo  capable  of 
transmitting  sonorons  vibrations  through  water  or  air  to 
the  auditory  organs  which  become  attuned  to  receive  them. 

It  seems  just  possible,  however,  that  the  so-called 
'  auditor^'  &accule:i  *  of  the  Invertebrata,  may  have  more 
to  do  with  the  *  sense  of  Direction,'  or  of  the  organism's 
relations  with  apace,  than  witli  the  sense  of  Hearing.*  In 
Vertebrate  Atiimals,  it  wonld  appear,  that  both  these 
functions  are  asHOciated  with  the  auditory  apparatus,  and 
it  is  by  no  means  certain  that  the  '  sense  of  Direction,'  or 
of  the  organism's  space-relations,  may  not  be  an  endow- 
ment more  primordial  than  that  of  Hearing. 

No  auditory  perception  seems  to  be  present  at  all — 
certainly  none  has  as  yet  been  detected  or  inferred  to  exist 
— in  many  of  the  lower  forms  of  life  ;  while  in  other 
Buinials,  though  possibly  existing,  its  organs  rcmoin  as  yet 
nnrccognize*!.  The  latter  condition  obtains,  for  instance, 
witb  the  majority  of  Crustacea,  Spiders,  and  Insects. 
*  See  p.  318. 
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Judging  from  the  instances  in  which  '  auditory  st 
cules  *  have  been  detected  in  Mollusks,  and  in  some  fei 
representatives  of  the  classes  ftbovc  named,  it  Reeins  (and 
the  information  may  be  Dovel  to  many  readers)  that  th< 
endowment  in  question  ib  not  habitually,  or  even  usually,* 
found  in  the  Load,  or  in  direct  relation  with  one  of  the 
panglia  cnniposinj^  the  bruin  of  luvortehrales.  In  somu 
Heteropidii,  and  tlu-ir  allies,  however,  the  '  saccules/  what* 
ever  may  bo  the  fuuctioTi  to  which  they  are  subservient, 
seem  to  be  in  immediate  relation  with  the  brain  ffanglia.* 
Further  remarks  on  this  subject  must,  however,  be  de- 
ferred until  a  brief  description  has  been  given  in  future 
ohuptors,  of  the  nature  and  distnbution  of  the  nervous 
system  in  some  of  the  principal  gi-oups  of  the  Invertobrata- 

The  foregoing  aro  the  commonly  received  modes  by  which 
organisms  are  impressed  from  without,  and  by  which  they 
attune  themsolvos  to  the  conditions  and  actions  occurring 
in  their  medium.  It  was  recognized  by  Doraocritus  au< 
other  ancient  writers,  that  Ihey  are  all  of  them  derivatives/ 
or  more  specialized  modes  of  a  primordial  common  sensi* 
bility,  such  as  is  possessed  by  the  entire  outer  surface  of 
the  organism.  Toucli,  taste,  smell,  vision,  and  probably 
bearing,  are  sense  endowments,  having  their  urigLn  in 
organs  formed  I>y  a  gradual  differentiation  of  certain  por- 
tions of  the  external  or  surface  layer  of  the  body — that  is, 
of  the  part  in  which  common  sensibility  is  most  frequently 
called  into  play.  And  just  as  this  common  sensibility  is  a 
crude  or  general  sense  of  touch,  so  are  the  several  special^ 
senses  to  be  regardetl  as  naore  or  leas  highly  refined  mod< 
of  the  same  sense  endowment.  » 

The  distribution    and   arrangement  of  nerves  in   the 
various  impressible  surfaces  have   certain  charaoteristioa 

»  Siebold,  "  Manuel  J'Auat.  Corop,"  p.  309,  Not«  1. 
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The  movements  of  locomotion,  or  of  limited  parts 
the  body,  which  become  establisht'Jin  corrt'Hpomlence  wilU 
Tarious  kinds  of  external  impressions,  tend  with  time  to  in 
creiise  :u  number,  dcGuiteuess,  and  complexity.  They  are, 
for  the  most  pai*t,  to  be  classified  as  actions  subserviout  to 
the  pursuit  and  capture  of  prey,  to  the  avoidance  of  enemies, 
to  the  union  of  the  sexes,  or  to  the  care  of  young. 

All  such  movements  are  found,  as  a  general  rule,  to 
have  the  effect  of  prolongirg  the  action  of  any  inUueno^ 
which  previous  individiml  or  riwe  experiences  have  proved 
to  be  favourable  to  the  life  nnd  well-being  of  the  organism  ; 
and,  ou  the  other  hand,  of  cutting  short  or  avoiding  infla- 
ences   which   past   individual   or   race   experiences    have 
proved    to   be   contrary  to  its  general  well-being.      Th«^i 
capture  and  swallowing  of  food  are  ends  to  which  a  ^^TV^^I 
large  proportion  indeed  of  the  definite  motions  of  most  ot^^ 
the  lower  organisms  are  directed  ;  and  Ibis  direction  of 
their  energies  is  only  a  special  case  to  be  included  under 
the  rule  above  indicated— just  as  efforts  to  escape  from 
}>redatory  neighbours,  are  other  opposite  instances  of  th 
same  rul«. 


Visceral  Sensations  and  the  Muscular  Sense. 
In  addition  to  the  various  modes  of  impressibility 
external  influence  which  we  have  hitherto  been  considering, 
there  are  also  certain  other  modes  due  to  changes  in  the 
condition  of  internal  parts  of  the  organism.  Those  ar«. 
divisible  into  two  categories:  (1)  impressions  emanating 
from  one  or  other  of  the  various  sets  of  viscera — snch 
as  the  alimentary  canal  and  its  appendages,  the  respii-atory 
organs,  the  genital  organs,  or  other  internal  parts  ;  and 
(2)  impressions  derivable  from,  or  in  some  way  attendant 
upon,  the  contractions  of  muscles. 

The  first  category  of  internal  impressions — those  emon* 
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ating  from  the  viscera — are  undoubtedly  very  important 
in  relutioD  to  animal  life  gcnemliy.  In  part,  they  have 
the  effect  of  causing  contrnctions  of  relat4)d  muscular  por- 
tiDns  of  tho  viscera — as  when  the  presence  and  pressure 
of  food  in  certain  portions  of  the  alimentary  canal  excites 
— it  may  be  through  local  ganglia — contractions  by  which 
the  food  is  propelled  farther  on.  In  part,  however,  they 
act  apou  the  principal  nerve  ganglia — those  constituting 
the  brain — in  such  a  way  as  to  excite  the  external  sense- 
organs  with  which  they  are  connected  to  a  higher  order  of 
activity.  Visceral  impressions  of  one  kind  may  ennsc  an 
animal  more  eagerly  to  pursue  prey,  whilst  those  of 
another  sort  may  tend  to  an  increased  alacrity  in  dis- 
covering a  mate.  In  tliese,  and  in  many  other  instances, 
internal  impressions,  reaching  tho  cerebral  ganglia,  would 
seem  to  excite  a  higlier  receptivity  for  certain  kinds  of 
external  impressions  and  a  corresponding  increased  readi- 
ness to  respond  on  the  part  of  the  moving  organs  whose 
activity  is  related  to  such  conjoined  impressions  and 
promptings. 

With  the  second  set  of  impressionB,  those  of  the  bo- 
called  'muRcular  sense/  we  have  at  present  nothing  to 
do.  They  differ  altogether  from  others,  whether  of  ex- 
ternal or  of  int*!rnal  ongin,  by  the  fact  that  they  follow  or 
accompany  movements  whose  intensity  they  arc  supposed 
to  measure,  and  do  not  of  themselves  incite  movenxents. 
Gmnting  that  such  impressions  have  a  real  existence, 
it  is  obvious  we  can  know  nothing  about  them  among 
Invertebrate  Animals,  since  they  have  only  a  subjective 
existence  and  do  not  of  themselves  alone  lead  to  move- 
ments. Our  only  knowledge  of  sueh  impressions,  as 
subjective  states,  must  be  derived  from  our  own  sensations 
toicether  with  what  other  fellow-men  are  able  to  describe. 
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For  several  reasons  it  will  be  advuutageouu  to  depart 
from  tbe  usual  zoological  order,  aud  consider  tirst  the 
disposition  oi  the  nervous  s;y'&tein  in  some  of  the  principal 
t^'pes  oi  the  sub-kingdom  Molluscs. 

These  are  animals  mostly  aquatic  and  wholly  devoid  of 
hollow,  iirliruliit(d,  locomotor  appendages,  Their  organs 
of  vegetative  life  attain  a  diBproportioiiate  derelopment, 
as  may  be  imagined  from  the  fact  that  some  of  the 
eimplcKt  representatives  of  the  class  consist  of  mere 
motionless  sacs  or  bags,  containing  orj^ans  of  digestion, 
respiration,  circulation,  and  generation,  Tbe  most  complex 
Mollusksj  however,  are  active  predatory  creatures,  endowed 
with  remaikable  and  varied  powers  of  locomotion,  and  with 
seuso  organs  which  are  both  keen  and  highly  developed. 
The  simpler  forms  are  represented  by  tbe  motionless 
ABcidian,  and  the  higher  by  the  active  and  highly  endowed 
Cuttle-fish. 

It  t^hould  be  mentioned,  however,  that  the  tendency  of 
several  recent  investigations  has  been  to  separate  the 
class  to  which  the  Ascidiaus  belong  altogether  from  tbe 
MoUusca,  and  to  place  them  as  an  independent  group, 
having  affinities  to  tbe  lowest  Vertebrates. 

The  solitary  Ascidians  may  be  taken  as  tbe  t^-pe  of 
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the  Tunicata.  Their  hfe  of  rehitioii  with  the  external 
worhl  is  of  the  aiinplest  description.  Tlit'y  are  sta- 
tionary creatares,  having  even  uo  prchonsilo  organs — 
their  food  heinit^  broujjjht  to  the  commencement  of  the 
alimentary  canal  by  cihary  action. 

In  correBpondence  with  such  a  simple  mode  of  life,  we 
might  expect  to  find  a  very  rudimentary 
nervoas  system,  and  this  expectation  is  fully 
realized.  The  Tunicata  ]K)sses8  a  single 
small  nervous  guiifjlion  lyiufc  between  the 
basiis  of  the  two  fiiuiicls  throuf^h  which 
water  is  taken  in  and  discharged  (ii^.  21,  r). 
This  ganglion  receives  branchcH  from  thc! 
tentacula  guarding  the  oritice  of  thc  oral 
funnel,  and  possibly  from  the  branchial 
chamber;  whilst  it  gives  off  outgoing  fila- 
ments to  the  various  parts  of  the  muscular  j^^',^'i^^''  ~^;^" 
saCp  and  perhaps  to  the  alimentary  canal  ronftit  ditigium 
and  some  of  the  other  internal  organs.  In  |""  no^ou.  W»- 
Bome  of  tbe  solitary  Tunicata  a  rudimentarv  »•■*"•  (^"y  »''" 

.  ,  .  •      Ciivicr.J   <i.  Brut- 

YiBual  function  is  presumed  to  exist.  At  chi«i  urinco ;  ^ 
all  events,  pigment-spots  are  situated  on,  or  "'^,*J7^g,^; 
in   very   close    relation    with,    the    solitary  with  iw  airwwit 

..  and  o(Tei«nt 

ganglion.  „„^. 

The  recent  investigationn  of  Kupffer  tend 
to  show  that  this  extremely  simple  nervous  system,  never- 
theless, represents  a  decidedly  higher  t37»e  of  organization 
than   had   been   previously   supposed.      Further    details 
cannot,  however,  here  be  given.* 

The  Brachiopods  are  among  the  oldest  and  most  wide- 
spread of  the  forms  of  life  in  the  fossil  state,  and  the 
geographical  distribution  of  their  living  representatives  at 

♦  8«e  Gegenbauer's  "  Comp.  Anatomy,"  English  Translation, 
p.  395. 
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the  present  day  is  also  very  witle.  Like  the  Tiinicata,  tliey^ 
are  hIro  headiesH  organisms,  and  lead  a  seilentary  existence, 
attached  to  rock  or  stone  either  by  a  pcdiclo  or  by  one 
di\'ision  of  tlieir  bivalve  shells.  The  mouth  is  unprovided 
with  any  appendages  for  grasping  food — nutritive  par- 
ticles being  again  brought  to  it  by  means  of  ciliary  currents. 
Numerous  miuscles  exist  which  connect  the  valves  of  the^H 
shell  to  one  another,  and  with  tho  enclosed  onimal.  ^M 

Tbougfa  the  visceral  organization  of  the  BrachiopodB 
IB  somewhat  complex,  no  definite  Sense  Organs  have 
yet  been  detected  in  any  of  thetu.  The  nervous  system  of 
these  sedentary  animals,  moreover,  comprises  nothing  an*' 
Bwering  to  a  *  bruin  '  as  it  is  ordinarily  constituted — though 
ganglia  exist  aroiiiul  the  oisophagus  whiL*h  must  receive 
afferent  impressions  of  some  kind,  and  from  wbicb 
branches  proceed  to  the  various  muscles  and  viscera  oi^M 
the  l)ody.  ^ 

Such  low  sensory  endowments  would  be  wholly 
incompatible  with  that  degree  of  viscenil  complexity  of 
organization  which  the  Brachiopoda  possess,  had  it  not 
been  for  tlie  fact  that  these  animals  lead  a  passive  exi8t*^|| 
enco  in  respect  to  quest  of  fo<»d.  The  abseuco  of  sense-  " 
organs  and  of  a  brain  is,  indeed,  only  compatible  with 
euch  a  semi-vegetative  existence. 

The  Laxnellibranchs,  or  ordinary  headless  bivalve 
Mollusks,  alno  include  bome  representatives— such  as  the 
Oyster  and  its  allies — which  lend  a  sedentary  life.  The 
valves  of  the  Khell  in  Lamellil  runcbs  generally  are  lateral, 
instead  of  being  dorsal  and  ventral  as  amongst  the  j 
curious  Braobiopods  above  rcfeired  to.  ^M 

The  mouth  of  the  Oyster  is  suiTounded  by  four  labial 
processes  whose  functions  are  not  very  definitely  known. 
It  presents  no  other  appendages  of  any  kind  in  the 
neighbourhood  of  the  mouth,  and,  as  in  the  two  types  of 
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MolluBCu  already  described,  the  food  which  it  swallows  is 
brought  to  the  entrance  of  its  cesophiigas  bj  meaus  of 
ciliary  currents.  It  Las  two  snaall  anterior  or  *  labial ' 
ganglia  (fif(.  2'2,  a,  a,)  one  Iteing  situated  on  each  side  of  the 
mouth.  They  are  connected  by  a  commissure  arching  over 
it,  and  also  by  a  more  slender  thread  beneath  the  mouth. 
From  this  lower  commissure, 
laments  (c)  aro  given  off  to  the 
stomach.  The  auterior  ganglia 
receive  nerves  (/)  from  the  labial 
processes  which  are  probably  for 
llie  most  part  afferent  in  function 
— at  all  events,  these  processes 
have  no  distinct  muscular  struc- 
ture. Two  long  paroUel  commis- 
sures (f/,  (I)  connect  the  anterior 
ganglia  with  a  single  large  com- 
pound *  branchial '  ganglion  (/>), 
situated  posteriorly,  and  close  to  Aiit>;ri«r  or   uhM  KKiigiia 

^,  .111  I  T.     pf*leTiot    or   bruiichiol    ffanglton 

the   great  adductor  muscle.     It  (dmiUc); /.  ubm  norvc  r,  c, 
frives  off  branches  to  this  muscle,  ^^nc^****  nwvt^-.  d.  rf.  commu- 
to  each  half  of  the  mantle,  and  RaoKH*. 
to  the  giila  (r,  r).    - 

Other  more  active  Lamellibranchs  possess  a  muscular 
appendage  known  as  the  'foot',  which  is  in  relation  with  an 
additiomil  single  or  double  nervous  ganglion  ('  pedal'),  and 
is  nsed  in  various  ways  as  an  organ  of  locomotion.  Speak- 
ing of  the  diverse  uses  of  the  foot  among  bivalves,  Prof. 
Owen  soys:*  *•  To  some  which  rise  to  tlie  surface  of  the 
water  it  acts,  by  its  expansion,  as  a  float ;  to  others  it 
serves  by  its  bent  furra  as  an  instniment  to  drag 
them    along   the    sands ;    to    a    third    family    it    is    a 


F)o.  92.  — KoTTouB  Sfitem  of  lui 
Oyster.  (Todd  after  Garner.)  a,  ti, 


"  Lect.  on  Comp.  Anat.  of  Invert.  Aninmls,*'  p.  505. 
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burrowing  organ ;    to   many  it  aids  in  the  execution 
short  leaps/* 

The  bivalves  possessing  a  foot,  therefore,  present  threo 
pairs  of  ganglia  instead  of  two — the  anterior  or  *  labial*, 


no.  S3.— Nerroiu  Syttom  of  thi  CominoD  Miiuel.  (After  Owen.)  {.  lAbUI  gmnglU 
conoectod  by  a  Bkort  commiasure  aboTc  or  In  front  of  the  moutli :  6,  ft,  bnuiehlal 
gviglU  itmilvlf  cocDsctod.  atid  alto  united  by  very  long  conU  {d.  Hi  \rith  ihm  labUl 
gwiglU;  ji,  bllobod  pediLl  (piDgllDU  Huodiiig  branohM  to  Iho  inuitoiUr  foot  ir),  uid 
olmely  oooneoted  witb  th«  'auditory  ■ncciilea'  (i>;  k,  A',  oirdini-pAUijd  plexua; 
f,  bjKoa,  by  which  the  animal  attkchoa  itaclf  to  oxtemal  mbctaacai. 


the  postoi'ior  or  *  bianclaiir,  and  the  inferior  or  'pedal*. 
It  occasionally  happens  that  the  ganglia  of  the  posterior 
or  even  of  the  infeiior  pair  may  become  approximated  and 
fused  into  one. 
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The  fosiun  of  the  post^zrior  ganglia  tukcs  place,  as  in  the 
Oyster  (fig.  23,  /y),  when  the  brunchiie  from  which  they 
receive  norvea  (c,  c)  come  close  tof^t-ther  posteriorly.  On 
the  other  hand,  in  those  Mollusks  in  which  the  branchite 
are  farther  apart,  the  two  ganglia  remain  seimrate  and  are 
connected  by  a  short  ct>mmissurc,  as  in  the  Commoa 
Mussel  (fig.  23.  b). 

The  separateness  or  fusion  of  the  inferior  or  '  pedal  *  gan- 
glia depends  npon  the  size  and  shape  of  the  foot,  since 
the  norrea  in  relation  with  them  are  distributed  almost 
wholly  to  this  organ  and  its  retractor  muscles.  Where  the 
foot  is  broad  the  ganglia  remain  separate,  and  are  merely 
connected  by  a  commissure.  But  where  the  foot  is  small 
and  narrow,  as  in  the  Afussel,  the  two  ganglia  become 
fused  into  one  (fig.  23.  p). 

Some  of  the  fiperial  senses  are  anqucstionably  repre- 
ecnt^d  amongst  these  headless  Mollusks,  though  the 
distribution  of  the  different  organs  is  very  p<"'culiar. 
Thus  in  Pecton,  Pinna,  Spondylus,  Ostriea,  and  many 
other  genera,  very  distinct  and  often  pedunculated  occIH  aro 
distributed  over  both  margins  of  the  '  pallium*  or  mantle. 
These  vary  in  number  from  forty  to  two  hundred  or 
more,  and  are  in  connection  with  distinct  branches  of  the 
circnrapallial  nerves.  In  tlie  liazor-fiHh,  Cockle,  Venus, 
and  other  bivalves  possessing  prolongations  of  the  mantle 
known  as  'siphon-tubes*,  the  ocelli  aro  situated  either  at 
the  base  or  on  the  tips  of  the  numerous  small  tentacles 
arranged  round  the  orifices  of  these  organs.  And  these 
parts,  in  such  bivalves  as  live  in  the  sand,  are  often  the 
only  portions  of  the  body  which  appear  above  the  surface. 
The  margins  of  the  mantle  are  also  garnished  by  a  number 
of  short  though,  apparently,  very  sensitive  tentacles,  in 
which  the  creatm'e's  most  specialized  sense  of  touch  seems 
to  roside. 
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Some  of  these  tartile  •ppeads^BS,  as  vcH  as 
tbe  ocelli,  eesd  their  nerves  to  the  bnnchiil  gui^tft, 
vhjle  oihers,  siUisted  on  the  ankenor  borders  of  tbe 
msotle,  tend  fihunents  to  the  khkl  gmgiis.  Tbe  Isttar 
sbo  reeeire  fikmenls  from  the  ao-esDed  UbisI  mppco- 
dsges,  whose  fonctioa  is  oncertAiD,  thoajo^h  it  bss  lieen 
snggested  that  tbcy  mar  be  orgsns  of  taste  or  smell. 
LsstlT,  in  close  relation  with  tbe  pedsl  gsnglis  or 
gsDf^lion,  there  are  two  minnte  snocoles  <fig.  23,  s),  to 
which  an  anditory  function  is  nsnaBj  ascribed. 

Thas  wp  tiiul  amongst  these  headless  MoUosks  a  distri- 
bntion  of  specially  impressible  parts  or  sensory  orif^s, 
sach  as  cannot  be  paralleled  amon^  any  other  animals. 
Tbe  fouctiouB  which  we  shall  find  pertaining  to  tbe 
*  brain  *  in  other  creatures  are  in  them  distributed  in  a 
rery  remarkable  manner — so  that  such  organisms  may 
be  said  to  be  brainless  as  well  as  headless. 

Tbe  Pteropods  constitute  another  interesting  class  d 
Mollnsks,  which  lead  us  on  from  the  comparatively 
aluggifth  LanieUihranchs  to  the  Gasteropods  and  the 
Cephalopoda — organisms  which  jwssess  definite  and  wide- 
reaching  powers  of  locomotion,  as  well  as  a  distinct  heafl 
carrying  sense-org&ns  and  a  more  or  less  developed 
brain. 

The  possession,  by  many  members  of  this  class,  of  two 
fin-like  musoulnr  expansions  attached  to  the  sido  of  the 
bead  indnced  Cavier  to  give  them  tbe  above  class  namo« 
According  to  Owen,  "  All  the  Bj>ocie8  of  Pteropoda  are  of 
■mall  slice;  they  float  in  the  open  sea,  often  at  great 
distances  from  any  shore,  and  serve,  with  tlie  Acalepbn, 
to  people  the  remote  triiots  of  the  ocean.  In  the  latitudes 
suitable  to  their  well-being,  the  little  Pteropoda  swarm  in 
incredible  nnraWs,  so  as  to  discoloar  the  surface  of  the 
sea  fur  leagues;  and  tbe   Clio  and   the  LLmaciua   con- 
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stitntc,  in  the  noi-tbcrn  seas,  the  priucipal  article  of  food 
of  the  great  whales." 

Some  of  the  least  hij^bly  orfcaiiized  members  of  this 
clasf),  snch  as  the  Hyalleulfe.  possess  a  bivalve  shelly  and 
no  distinct  head  ;  but  in  other  Ptcropods  devoid  of  a  sliell, 
we  meet  with  a  higher  organization.  Thus  in  Clio  there 
is  a  distinct  head  bearing  senaory  appendages,  in  the  form 
of  two  tentacnla  and  two  eyes,  and  containing  *  a  brain  * 
within.  The  brain  is  represented  by  two  connected  ganglia 
above  the  oesophagns,  which  are  in  relation,  by  means  of 
ingoing  nerves,  with  the  above  mentioned  sensory  organs. 
In  connection  with  another  commissure  uniting  these  two 
cerebral  ganglia  and  which  passes  under  the  first  part  of  the 
alimentar}'  canal,  are  two  'pedal'  and  two  'branchial'  ganglia 
pretty  close  together.  These  two  pairs  of  ganglia  exist 
separately  in  Clio  and  its  allies,  thoogb  they  are  combined 
into  one  quadrate  mass  in  Hyalea.  In  Clio  two  *  auditory 
saccules*  are  in  connection  with  the  anterior *8ub-cesopha- 
geal  ganglia — that  is,  with  the  pair  which  corresponds 
with  the  *  pedal'  ganglia  of  the  common  bivalve  Mollusks. 

QaBteropodfi  constitute  a  class  of  organisms  which,  in 
jwint  of  numbers,  can  only  be  compared  with  the  still 
more  numerously  represented  class  of  Insects.  Their 
name  is  derived  from  the  fact  that  they  crawl  by  means  of 
a  large  muscular  expansion  or  *  foot'  stretched  out  beneath 
the  viscera.  The  locomotion  of  members  of  this  class 
may  be  said  to  be,  in  the  main,  dependent  upon  their  own 
individual  efforts,  so  that,  in  this  respect,  they  differ 
widely  from  Pteropods,  whose  movements  from  place  to 
place  are  brought  about  chiefly  by  winds  driving  them 
along  the  surface  of  the  water  on  which  they  float. 

Some  Gasteropods  ai-e  terrestrial,  air-breathing  animnls, 
though  by  far  the  greater  number  are  aquatic  and  breathe 
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by  meana  of  gilla.  But  being  all  of  them,  as  Prof.  Owen 
says,  *'  cmlowed  with  povvtsr  to  attain,  subdue,  and  devour^ 
organic  matter,  dead  and  living,"  we  find  tbeir  Nervou) 
System  not  only  better  developed,  more  complex  and  con- 
jcentrated,  but  also  iu  relation  with  more  highly  cvolvt 
organs  of  speeial  sense  and  exploration.  This  syslei 
offers  conwiderable  variations  in  general  arrangement,  ani 
as  regards  tlie  relative  positions  of  its  ganglia,  thougl 
these  modifications  are,  to  a  great  extent,  referable 
differences  iu  the  outward  configuration  of  the  liody. 

The  wide  differences  iu  external  form  which  are  to  ba. 
met  with  among  Gasteropoda  may  be  well  illustrated  bj 
comparing  the  Limpet  or  the  Chiton  with  the  Snail. 
Here  diti'erences  iu  habit  are  also  marked,  so  that  we 
almost  necessarily  meet  with  very  notable  variations  in  the 
disposition  of  the  principal  parts  of  the  nervous  system. 

In  the  Limpet  two  small  cerebral  ganglia  (tig.  24  a) 
exist,  which 'are  widely  separated  from  one  another,  and 
lie  at  the  side  of  the  cesophagus.  Each 
receives  a  rather  large  neiTe  from  one  of 
the  tentacles,  and  a  smaller  optic  nerve. 
A  commissure  above  the  cesophagus  con- 
nects these  cerebral  ganglia  with  one 
another,  while  each  of  them  is  also  in 
relation  by  means  of  two  descending 
commissures  with  a  series  of  four  con- 
nected ganglia  forming  a  transversely 
ccrubmi  arranged  row  beneath  the  oesophagus. 
Of  these  the  two  median  ganglia  (b) 
con*espond  with  the  pedal,  while  the  two 
external  (c)  correapnud  with  the  bran- 
chial ganglia,  though  they  are  here 
separated  from  one  another  by  an  un- 
usaally  wide  iutei^al. 


Pnt  21  —  Nonrmu 
Syntoni  of  Common 
Umpet.  (To(t<l  «rt«r 
Otfnmr.) 

ganglia  :  c,  bram-lilnl 
Aiid  n.  potUl  fpuiirHn : 
II,  pharyuifcul  and  t 
]abiiU  fninxllii.  <i  and  b, 
Cmn mlBBurea :  9,  tcntM- 
cular  nerv* .  i,  uyiic 
ncrvft. 
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However  small  and  undeveloped  the  duplex  brain  of 
the  Limpet  may  be,  this  orgau  exists  in  an  even  more 
nidinaeutai'v  stale  in  its  close  ally,  the  Cliiton,  whicli  is 
about  tUe  most  8im]>ly  organized  of  all  the  Gasteropods. 
It  has  neither  leularles  nor  e^yes,  and, 
U8  a  consequence,  no  distinct  Bupin- 
isophageal  ganglia  are  found  (fig.  2o). 
'here  is,  in  fact,  nothing  to  which  the 
irm  *  brain  *  can  be  appropriately  ap- 
plied. 

If  we  turn,  however,  to  the  very 
Inactive  Snail,  we  find  the  nervous  sya- 
^■iem  existing  in  a  mnch  more  deve- 
^Boped  and  concentrated  form.  There 
^Bs  a  large  ganglionic  mass  (lig.  20,  I) 
^Hkitaated  over  the  cesophaguB,  each 
^^lulf  of  which  receives  a  considerable 
^^bundle  of  nerve-fibres  (/)  from  the 
^■ife  (h)  of  the  same  side,  which  is  situ- 
^B^d  at  the  tip  of  the  larger  tentacle. 
^■t  also  receives  another  bundle  of 
^BerveB  (A)  from  the  small  tentacle  on  p»>rti'«i  of  .r^-.i-im*.^!  rii.* 

I^^P^  ,  ^    '  duvuli]     of     any     fll«tinut 

l^each  side,  which  has  in  all  probability  c«rei>mi  gungUa 
a  tactile  function.     The  '  auditory  sac- 
cules '  are  here  in  their  exceptional  position — that  is  in 
immediate  relation  with  the  posterior  aspect  of  the  ganglia 
^constituting  the  brain,  though  iu  most  other  Gasteropods 
ley  are,  as  in  bivalve  MoUusks,  found  in  connection  with 
10  pedal  ganglia.     There  is  one  group,    however — the 
[etcropoda — in  which  the  'auditory  saccules'  seem  to  be 
Iways  in  direct  relation  with  the  cerebral  ganglia,  as  iu 
irinaria  and  Pterotraehea.* 
See  Fig.   187,  p.  ;^.>+,  GegeLbaner*ii  *' Comp.  Anat."  (Kngl. 
Tranul) 


Kl<».  26.  —  Nvnroiiii  Syn- 
toni  of  C'kHoit  iuaruioi^ltu. 
{tiamor.)     D,    rhnryngni 

cliiol   K<^U}(lltiu ;    1,    upper 


80 


THE    NEIIVOUS    SYSTEM    OF   MOI.1.U8K8. 


Naturalists  now  generally  admit  tliat  Simils  and  their 
allies  are  tntloweil  with  a  rudimentary  scnso  of  smell, 
tliough  hitlicrtu  they  have  heeu  uuable  to  locate  the  endcw- 
meut  in  any  particular  organ  or  surfocc-rogion. 

The  hrain  of  the  Snail  ie  connected,  hy  mcanB  of  a  thick 

cord  or  conimisfture  ou 
4  each  side  of  the  teso- 
phngus,  with  a  long  and 
curved  double  ganglionic 
mass  (m).  This  latter 
body.  situutt?d  beneath  the 
ccfiophagus,  rt'presenls  the 
pair  of  pedal  and  the  pair 
of  branchial  ganglia  of  the 
bivalve  Mollusks.  Here 
nerves  are  received  from 
the  integument  and  given 
off  to  the  muRoIes  of  the 
foot ;  while  they  are  also 
received  and  given  off  from 
the  respiratory  and  other 
organs. 

Tlie  nervous  nystem  of 
one  of  the  Nudibranch 
Mollnsks  has  been  repre- 
sented in  tig.  17.  It  is  also 
highly  developed  and  concentrated,  whilst  its  sensory  and 
motor  ganglia  are  unusually  distinct  and  separate  from  one 
another.  A  somewhat  analogous  arrangement  of  the  prin- 
cipal nerve  centres  exists  in  the  Common  Slug  (fig.27),  only 
here  the  motor  ganglia  of  the  two  sides  are  fused  together, 
as  in  the  Snail,  instead  of  being  widely  eepniated  as  in 
Eolis  and  its  allies.  Tiiey  consequently  occupy  an  inferior 
rather  than  a  superior  and   lateral  position  in  regard  to 


Fm.  SA.— nen4  (Utd  Ncrroos  Sywtoin  of 
th«C'ummonO»rrloii}*nidL  (f)wcn.)  /.  I'cre- 
bnU  guigltA  rocolrlnff  nerrea  from  mudbfr 
iti)  and  from  luyttr  tcnUdei  iMArtUtf  oc«lll 

raprsHntln^  a  pair  of  pe«t&l  tnd  a  lulr  ot 
bruudlial  gJinalln.  Two  uf  the  teiilnclufl  are 
rffliwwwttM  In  dUIermt  •Utas  of  rettmctioo. 
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the  cB3opbftg«8,  Tbe  hrttiicliiul  ^an^lia  are,  moreover, 
fused  with  them,  instead  of  wilh  the  cerebrfll  as  they  are 
in  Eolis. 

The  nervous  system  in  the  Cephalopoda  preBents 
many  pecaliarities,  which  can,  however,  be  only  very 
Lrieily  referred  to  here.  Owing  to 
an  extreme  amonnt  of  shortening 
of  their  commissures,  the  principal 
ganglia  arc  closely  aggregated  in  the 
liead.  The  nervous  system  is,  in- 
deed, more  cnnc-entrated  and  com- 
plex than  in  other  MoUuska,  and  the 
animals  themselves  are  notable  for 
the  high  degree  of  development  of 
some  of  their  sensory  organs  us 
well  as  for  their  great  powers  of 
locomotion. 

The  body  of  the  Pearly  Nautilus, 
contained  within  the  last  chamber  of 
its  coiled  and  loculated  shell,  is  en- 
veloped by  a  muscular  mantle  open 
anteriorly,  round  the  head  and  its 
numerous  sensory  appendages.  Ac-  fio.  n.-Ncrvuu.sjnitemo/ 
corditig  to  Owen  *  '*  the  number  of  tho  coiomun siu^  isuiirKtw 
tentacles  with  which  the  Fearly  d  >,  bmncuui  g»ugnu.  and  c. 
Nautilus  is  provided  amounts  to  no  ""^  «""«;'»  fu«.a  i«io  .,.» 
leas   than   ninety,  of  which  thirty- 

eiglit  may  he  tenned  digital,  four  ophthalmic,  and  forty- 
ei^;ht  labial/*  The  eyes,  not  so  well  developed  as  in 
the  Cuttle-fish,  are  also  in  relation  with  Kiiialler  optic 
ganglia  (fig.  28,  o  o).  Near  them  are  two  hollow  bodies, 
regarded  by  Valenciennes  as  olfactory  organs,  the  nen'es 
from  which  join  the  same   ganglia.     The  situation   and 

♦  ••  L^turos  on  Comp.  Anat.  aad  Physiol  of  Invert.."  p.  581. 
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relations  of  auditory  organs  in  this  animal  have  not  hem 

definitel}'  settled. 

lu  regard  to  organs  of  taste  and 
touch,  Owen  \n*ites  as  follows, — 
**  The  complex  and  well  developed 
tongue  of  the  Pearly  Nautilus  ex- 
hibits in  the  papilla;  of  its  anterior 
lobes  and  in  the  soft  ridges  of  its 
root  the  requisite  structure  for  the 
exercise  of  some  degree  of  taste  : 
.  .  .  the  sense  of  touch  must  be 
specially  exercised  by  the  numer- 
ous cephalic  tentacles,  which,  from 
their  softness  of  texture,  and 
especially  their  laminated  inner 
surface,  are  to  be  regarded  as 
organs  of  exploration  not  less  than 
as  organs  of  prehension."  The 
nerves  of  these  tentacles,  must  be 
both  sensory  and  motor  ;  they  are 
in  connection  with  a  large  doable 
ganglionic  muss  (b  h)  situated 
beneath  the  CBSophagus  but  in 
front  of  the  other  snb-cesophageal 
ganglion  (c  c),  which  is  thought 
the  homo- 


of 


FiO.  58.— Ncrvoiu  System 
Pearly  NftuUlus.  (QegvnbKUflr 
»(t«r  Owon.)  n  a,  Cerubnil  jpm- 
ylU,  oonttitutiDg  Uie  bralD  ;  o  o, 
optic  ([AoglU  iu  oommunkAtloo 
with  eorebiml  (rui^Ua,  which  nru 
«lao  coDiMcisl  with  a  lower  puig- 

uooioinM«(6  fr).  ractiTiiigiwrvoi  hy  Owen  to  represent 

piru  About  tho  mi>uih.  pwtiy  logues  of  both  the  branchial  and 
Kid  pwtiy  motor.  Tha  pedal  ganglions    in   the   inferior 
MoUusca/'     Tho   latter   pairs   of 


earebnl  guiffUa  aro  In  ftddttion 
united  Ui  ft  potterlor  mlKBiw- 
phttffml  maa*  (c  r).  wppoaed  ta 
rcpratont  a  pair  of  pedal  and  a 
pair  of  branchial  gui^lla.  w  ra, 
Motor  Korvca;  d  d^  branchial 
Dorroa  aod  ganglia. 


i 
i 
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pairs 

ganglia  arc  clearly  combined  in 
function,  since  the  locomotions  of 
the  Nautilus,  like  the  much  more 
rapid  locomotions  of  other  Cepha- 


lopods,  seem  to  bo  principally  effected  *'  in 


a  sucrsBsion  fl 
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of  jerks,   occasioned  by  the  reaction  of   the  respiratory 
currents  upon    the  snrrounding  water  "—these   currents 


F^«.  *•.— Xorvous  ayntoiit  iif  lUc  Cominon  Cuttle-Fish  [Sfpta  f\iticinatis).     (Owcu.l 

Doabla  ■upfm-<iHiophiigeAl  ifangUou   davol»po<1  rrom  upper  cniniiilMure ;  p  p,  cut 

iiCmmm  of  the  curtUihirlaoua  ciunluai  :  i  3.  ojttlc  K^iiKli')  '<  *  *•  ixuterlor  sut>-u!w>< 

■(oftl  gftbfflla  (KDtctior  mb^EaophaguU  ganglia  Iti  cfniiicctirin  i«ilL  ncrveii  of  hot 

tvnUelca,  6  A,  not  seen  In  UiU  Ti«w)  ;  7  and  6,  gunglln  in  connection  with  tha 

iTTiix  and  mouth,  connected  by  uerreB  i^S  fi)  with  tht  curchnil  loboA  ;  13  18,  great 

lotornorTM, d(  the  mantle  emd  otbor  partB,  wltli  >^  thtarguDgUa;  t4,rc,  irKptmtory 

nertta  :  k  t,  •moll  tiiberclca  in  connoctlon  with  optic  ganglia. 

being  produced  by  the  expulsive  contractions  of  a  pOTverful 
rauscular  funnel  continuous  with  a  portion  of  the  mantle. 
In  the  Cuttle-fish  one  of  the  most  striking  character- 
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istics  of  the  principal  uerve-centres  is  the  fact  of  the  cxis 
ence  of  a  very  Inrge   optic  gaiij^lion  (lig.  29,  2)  on  ca 
side,  in  connection  with  an  extremely  well-developed  ev 
Each  optic  luhe,  according  to  Lockhart  Clarke,  is   *•  a 
large  as  the  rest  of  the  cephalic  ganglia  ou   both  sidoa' 
taken   together.'*     From    each   of   these   lobea   an    optic 
peduncle  passes  inward   to  join  a  eupra-cesophageal  gan- 
glionic mass,  which   hears  on   its  surface  a  large  bilobed 
ganglion    (1),   thought  by  Clarke  to  be  homologous  with 
the   cerebral   lobes  of  fishes.     It  is  connected,  by  means 
of  two  short  cords,  with  a  much  smaller  bilobod  ganglion, 
known  as  the  pharyngeal  (r).     This  latter  ganglion  r 
cciveu  nerves  from  what  are  presumed  to  be  the  organs 
taste  and  suiell,  and  gives  off  nerves  to  the  tongue  and 
powerful  parrot-like  jaws  with  which  the  creature  is  pro- 
vided. 

The  supra-oesophagcal  mass  is  connected  by  cords,  at 
the  aides  of  the  ccsophagus,  with  a  very  large  ganglion 
lying  beneath  it  (4),  which  is  partially  divided  into  an 
anterior  and  a  posterior  division.  The  anterior  division — 
regarded  by  Huxley  as  in  part  homologous  with  the  pedal 
ganglia  of  lower  Mullasks — is  in  relation  by  means  of 
large  ner^■ea  (c)  with  the  feet  and  tentacles.  A  com- 
missure also  unites  it  with  the  pharyngeal  ganglion,  so 
that  the  tentacles  and  arms  are  thus  aide  to  be  brought 
into  correlated  action  with  the  jaws.  The  posterior 
portion  of  the  sub-tssophageal  mass  receives  nerves  from, 
and  also  gives  off  nerves  (1*)  to,  the  branchiic  and  other 
viscera,  as  well  as  to  the  muscular  mantle  (la,  u). 

The  '  auditory  saccules '  and  their  nerves  are  connected 
with  this  great  branchio-pallial  ganglion.  These  organs 
are  lodged  in  the  substance  of  the  cartilaginous  framework 
(//  p)  investing  the  nerve-ganglia — a  atrncture  which  seems 
to  answer  to  a  rudimentary  skull  or  cranium. 
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The  locomotions  of  Cuttle-fishes  are  largely  brought 
about  by  coutractions  of  the  pallial  chamber,  though  these 
same  contractions  of  the  pullium  are  also  subservient,  aa 
in  tho  Nautilus,  to  the  respiratory  function. 

The  large  sbare,  therefore,  which  the  brnnchio-pullial 
gan;cUa  take  in  brinrring  about  and  regulating  the  move- 
ments of  these  animals,  would  seem  in  part  to  explain  the 
connection  of  the  '  auditory  saccules'  with  them,  since  in 
the  great  majority  of  other  AFollusks  in  which  these 
organs  are  kno^Ti  to  occur,  they  are  found  to  be  in  primary 
relation  with  tho  principal  motor  centres.  Whatever  may 
be  the  full  explanation  of  these  remarkable  relations,  the 
fact  remains  that,  even  in  the  Cuttle-fish  tribe,  the  super- 
ficial connections  of  the  so-called  'auditory  saccnlcs,'  are 
&till  away  from  the  brain. 


CHAPTER  V. 


THE    NERVOUS    SYSTEM    OF    VERMES 


Nothing  distinctly  answering  to  a  Brain  is  to  be  found  i 
some  other  of  the  lowest  animals  in  which  a  nervons 
system  exists.  It  is  thus,  for  instance,  with  Star-fisbcs 
and  the  larger  Nematoid  Entozoa.  What  most  nearly 
resemhles  such  an  or^au  in  Star-fishes,  consists  of  a  mere 
band  of  norve  fibres,  surrounding  the  commencement  of 
the  oesophagus,  and  containing  a  few  nervc-cells  partly 
between  its  fibres  and  partly  in  groups  slightly  removed 
therefrom.  The  absence  of  any  distinct  ganglia  in  tbe 
neighbourhood  of  the  mouth  is  doubtless  due,  in  the  main, 
to  the  form  of  these  animals,  and  their  low  type  of  organi- 
zation. Euch  arm  or  ray  contuina  its  own  nervouB 
system,  so  that  the  ring  or  band  round  the  mouth  seems 
to  be  little  more  than  a  commissure  couneoting  such 
otherwise  distinct  parts  of  the  common  system.  These 
Echiuodenus  are,  however,  here  only  incidentally 
ferred  to. 

In  the  larger  parasitic  Nematoids  the  nervous  system  is 
more  concentrated.  The  (Esophageal  nng  and  imme- 
diately adjacent  parts  constitute  almost  all  that  is  as  yet 
known  of  their  ncn'ous  system,  but  it  contains,  or  is  in 
relation  with,  a  larger  number  of  ganglion -cells  than 
the  similar  part  in  Star-fishes.  Thus,  in  addition  to  the 
colls  intermixed  witli  the  fibres  of  the  ring  itself,  there  are 
five  or  six  groups  adjacent  to  and  in  connection  with  it. 
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which  receive  fibres  from  certain  large  papillffi  Bnrrounding 
the  mouth.  These  papillie  would  seem  to  be  the  priucipal 
sensory  orf^aus  of  the  Xcmatoid.  By  means  of  the  connect- 
ing nen'c-iibrcs  and  Kanglion-cclls  they  are  brought  into 
relation  with  the  nervous  ring,  and  from  this  latter  out- 
going fibres  arc,  doubtless,  given  ofl^  to  the  four  great 
longitudinal  muscular  bauds  by  which  the  moTemeuts  of 
the  organism  are  effected.  The  distribution  of  such  motor 
nL'r\'0- fibres,  however,  has  not  been  distinctly  traced. 

The  absence  of  ganglionic  swellings  on.  or  in  connec- 
tion with,  the  tesophageal  ring  of  Nematoids  is  probably 
dependent  upon  the  comparative  simplicity  and  limited 
number  of  the  impressions  capable  of  being  received 
through  their  cephalic  papilliB. 

Among  other  representatives  of  the  sub  -  kingdom 
Vrrmrs.  the  nen'ons  system  varies  a  good  doal  in  minor 
details,  in  accordance  with  the  degree  of  organization,  and 
with  the  diversity  of  the  sensory  and  locomotor  endow- 
ments of  the  several  organisms.  The  broad  features  of 
the  nervous  system,  however,  are  comparatively  similar 
in  all — especially  in  the  most  typical  representatives  of 
this  sub-kingdom,  which  contains  so  many  aberrant  typee. 
Only  a  very  few  forms  will  be  here  referred  to. 

The  Ncraerteans,  a  class  of  marine  worms,  possess 
a  very  simple  nervous  system.  They  have  soft,  un- 
segmented,  and  highly  contractile  bodies,  covered  with 
cilia,  but  are  otherwise  wholly  devoid  of  all  external 
appendages.  On  the  anterior  extremity  of  the  body,  a  little 
posterior  to  the  mouth,  two,  four,  or  more  specks  of  pig- 
ment are  met  with  (tig,  30,  c,  <?),  which  are  conjectured  to 
servo  the  pui-pose  of  rudimentary  ocelli ;  and  whilst  the 
animal  is  moviug  from  plac<3  to  place  this  anterior  part  of 
its  body  donbtless  acts  also  as  its  pnncipal  tactile  surface. 
Nerve-fibroa  proceed  from  these  regions,  and  converge  so 
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as  to  form  thfee  or  four  nerve-trunks  on  eacli  side,  wbk 
enter  a   companitivcly  larj^e  compound  ganglionic  maj 
(rt,  a)  lying  on  tLe  lateral  aspects  of  the  sheath  of  the' 
proboscis.    F.ftcli  of  thoso  masses  is  piriform  in  nhape,  and 

composed  of  a  sensory  and 
a  motor  ganglion  fused  inloj 
cnc.  It  is  connected  wi 
its  fellow  hy  means  of  two 
commissures,  one  of  which 
passes  over,  and  the  other 
houeath,  the  proboscis. 

It  is  difticnlt  to  trace  th 
ultimate  distribution  of 
nen-e-fibres  in  these  crea- 
tures ;  so  that,  althoug] 
tihres  can  he  folluwed  near! 
up  to  the  pigment-spot 
none  have  been  detected  in 
immediate  continuity  there 
^  with.  The  inferior  com< 
p,G.m-H«d«iidDmtnofaNoin«i*«n.   ^[^^^y^  u\  between  the  IWft 

pouud  intcnu  (i»D«ii*:  fc,  narrow  upper  ganglionic  masRcs  iR  shortcr 

nnd  much  thicker  than  th( 
upper.    The  two  gj'eat  late*' 
ral  nerve- trunks  (d,  (l)  start 
from  the  ganglia,  and,  pi 
ceeding  along  the  sides  of  the  body,  give  off  numerous' 
branches  to  the  longitudinal  and  circular  muscles  between 
which  they  are  situated. 

Tactile  and  possibly  gustatory  impressions,  togelfaej 
with  impressions  produced  by  light  or  darkness,  doubtless 
come  from  the  anterior  extremity  of  the  organism  to  the 
anterior  part  of  the  pyriform  ganglia  on  either  side  ;  and 
are  theuce  reflected  from  the  posterior  parts  of  these  bodies 


cumuifwure  botwevn  which  ntnl  the  much 
tliWkvr  inferior  cotiiini»iure,  r,  the  ci>sa]r)La- 
)(iu  |ia»ao)i  ;  '/,  il,  Ibo  great  lAteml  nt^rvt* 
eiirdii ;  e,  t,  iil^ment  »poti,  or  nidimcntory 
ocoUJ.      After  )|rlnt<»b  ) 
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along  related  channels  in  the  great  efifercnt  bundles^  the 
iibres  of  whicb  proceed  to  tbo  contractilo  proboscis  and 
also  to  the  muscles  ou  one  or  both  sides  of  the  body. 
Other  departments  of  the  nonous  system  may  exist  in 
these  animals,  though  as  yet  none  have  been  detected. 

In  the  common  Medicinal  Leech  the  nervous  system  is 
Bomcwhat  differently  developed.     The  lateral  ganglia  of 
the  Nemertida?  are  replaced  by  two  small 
upper  ganglia   (fig.   31,    m),   cunnccted  by     ^    '^■^^    ,, 
lateral    commissures    with  a   single    lower 
I     ganglion  (c)  ;  and,  as  a  consequence  of  this 
Li^soalcsccnce  of  the  two  suh-cesophageal  gnn- 
^^^ia,  we   have,  instead  of  the  two  laternl 
I     cords  of  the  Nemertidre,  a  double  ventnil 
I     nervous  cord  traversing  tbe  whole  length 
'      of  the  body.     Tlie  two  cords  approximate  so 
closely  as  to  be  almost  fused  into  one,  and 
they  bear  a  scries  of  ganglia — one  fL)r  every 
three  or  four  of  the  segments  into  which  the 
body  of  tlie  auimul  is  obscurely  divided. 

The  bilobed  ganglion  above  the  oesopha- 
gus, uhieh  is  mainly  Rcnsory,  receives  fibres 
{  from  the  tactile  lips,  together  witli  ten  dis- 
tinct filaments  from  as  many  pigment-spots 
or  ocelli  {b  b),  situated  round  the  margin  of 
the  upper  lip.  From  this  bilobed  ganglion, 
corresponding  with  the  brain  projter  of 
higher  animals,  a  cord  descends  ou  tach 
side  of  the  oesophagus,  and  the  two  join  the 
heart-shaped  sub-a}sophageal  ganglion  (c), 
from  which  efferent  nerves  are  given  off  to 
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Pin.  It— ^orroua  Syiiem  of  the  MedlcinAl  Leoch.  (Owen  )  «,  Doublo  ■npn- 
(Mnptwg<e*t  gangltnn  t^nnoclcd  by  dcftimi  with  h,  ^.rudlintintnrj*  ocelli ;  t,  tho  double 
laln-cBwrphAffml  gMDglioDla  iu&m.  which  is  cnntlnuaui  wlUi  tho  doable  r^ntrtl 
oord,  benrlog  dUtiocl  oompouDd  giuiglu  at  intarTals. 
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the  mascles  whose  basiness  it  is  to  move  its  three  saw- 
liko  jnws,  as  well  as  to  the  muscles  of  the  oral  sucker. 
This  lower  ganglion  is  in  part  analogous  to  the  *  me- 
dnlla  oblongata  '  of  vertebrate  anitnals.  It  is  continaons 
with  the  double  ventral  cord,  on  which  twenty  eqaidista 
rhomboidal  ganglia  are  developed.  Each  of  these  gangli 
gives  oflf  two  nerves  on  either  side,  whose  branches  are 
distributed  to  the  parietes  and  the  muscles  of  adjacent 
segments. 

In  this  animal  a  simple  filament  is  also  given  off  from 
the  posterior  part  of  the  snpra-ccsophageal  ganglion,  which 
is  distributed  along  the  dorsal  aspect  of  the  alimentary 
canal.  It  foreshadows  an  important  system  of  fibres  in 
higher  animals,  corresponding  ]Mirtly  with  the  pneumo- 
gaati-ic  nerves,  and  partly  with-the  '  sympathetic  system.* 
As  it  existS  amongst  the  Invertebrates  it  is  known  as  the 
*  stomato-gastric  system  *  of  nerves.  In  other  members 
of  the  invertebrate  series  it  frequently  takes  origin  fnim 
the  commissures  connecting  the  upper  and  lower  oeso- 
phageal ganglia,  rather  than  from  the  upper  ganglia  them- 
selves. In  some  of  the  worms,  in  which  such  an  ar- 
rangement exists,  the  stomato-gastric  system  is  also  more 
complicated. 

In  the  Earthworm  the  body  is  composed  of  a  roultitu 
of  ring-like  segments,  provided  with  lateral  BoUe  whi 
the  animal  calls  into  play  during  its  subterranean  loco- 
motions. It  possesses  no  distinct  ocelli,  and,  having 
regard  to  its  mode  of  life,  this  is  not  surprising* 

The  snpra-cosophagcal  ganglia,  which  together  represent 
the  brain  of  the  Earthworm,  receive  a  nerve  trunk  on  each 
side,  composed  of  fibres  coming  from  the  tactile  upper  lip; 
and,  as  no  sensory  filaments  of  a  different  order  are  known 
to  be  immediately  connected  therewith,  the  functions  of 
the  brain  in  this  animal  muat  be  comparatively  simple 
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The  lip  is  regarded  as  nu  or>;;au  of  touch,  bnt  it  is 
equally  probnble   tbat  it   is   capaUe    of  receiving   more 

8])ucial  itupressiona  representing  rudimentary  tastos.  The 
separatiou  between  these  modes  of  sensibility  in  such  low 
organisms  is  probably  somewhat  iudelluitc. 

The  double  ventral  cord  has  a  librous  structure  along 
its  upi>er  surface,  whilst  below  there  is 
an  irregular  stratum  of  gaugUou  cells. 
These  cells  arc  more  abundant  about 
the  centre  of  each  body-segment,  so 
that  tlu.'ir  a«rf;regation  ^ives  rise  to  a 
series  of  rudimentary  ganglia  in  these 
situations.  From  every  one  of  the 
ganglionic  swellings  two  nerves  are 
given  off  on  each  side;  whilst  a  third 
pair  issues  from  the  cord  itself,  just 
anterior  to  the  swelling,  and  is  dis- 
tributed along  the  autenor  boundaries 
of  the  segment.  In  Serpula,  one  of  the 
small  tube-dwelling  marine  worms,  the 
ventral  ganglia  are  also  very  minute, 
and  those  of  the  two  sides,  together 
with  the  ventral  cords,  lie  some  distance 
apart,  and  are  connected  by  a  series  of 
commissures  (fig.  32,  o).  In  this  dis-  t«m  of  «<o't''i  c"<f<^'rii- 
posiiioD  of  tlio  great  iiei-vous  cords  we  ^.'^^t^'^Xv^'- 
have  something  intermediate  between  pugcai  gangu*:  6.  bui*- 
their  lateral  position  in  theXcmerteans,  rf^K^Ml^^conis  °n! 
and  their  contiguous  mid-ventral  posi-  n">t"r buccal nerrwjr.uc- 

1        T  1  1      1        r^         1  tUoneiTM. 

tiou  in  the  Leech  and  tho  Earthworm. 

As  in  the  latter,  so  in  Serpula,  the  afferent  nerves  entering 

the  bi-ain  (0  seem  to  be  in  the  main  tactile. 

The  cesophageal  ganglia  in  the  Earthworm  are,  propor- 
tionately to  the  rest  of  the  nervous  system,  much  smaller 
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than  in  tho  Nemei'teans  ;  and  tliis  is  pcrbaps  due  in  p*oat 
part  to  tho  existence  in  it  of  the  numerous  se^mectaX 
ganglia, — structures  which  are  absent  in  the  above-men- 
tioned marine  worms.  The  movements  of  the  Nemer- 
teans,  like  those  of  the  Nematoids,  are  probably  much 
more  exclusively  under  the  control  of  the  cesopbageai 
ganglia  than  are  those  of  the  segmented  Earthworm — in 
which  each  of  the  body  f^anglia,  doubtless,  baa  much  to  do 
vdth.  bringing  about  the  contraction  of  its  contigaous 
mnsclos  iu  the  same  segment. 

The  Earthworm  has  a  more  complex  visceml  structure 
than  is  to  be  met  with  among  the  Nemerteaus ;  and  it 
presents  distinct  evidences  of  a  nervous  interconnection 
between  its  internal  organs  and  some  of  the  principal 
nerve-centres.  Lockhart  Clarke  has  described  a  complicated 
ganglionic  network  on  each  side  of  the  oesophagus,  start- 
ing from  the  lateral  commissures  and  sending  prolonga- 
tions to  the  intestine  and  other  parts.  By  means  of  this 
principal  visceral  system  of  nerves,  the  internal  organs  are 
brouj^ht  into  relation  with  one  another,  and  with  the 
nervous  system  of  aiumal  life — that  is,  with  those  parts 
of  it  having  to  do  more  eRpecially  with  the  relation  of  tho 
organism  to  its  medium. 


' 
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The  next  sub-kingdom,  Arthropoda,  comprises  the 
Myriapoda,  Crustacea,  Spiders,  niid  Iiisei:tH.  They  are  all 
characterized  by  the  possession  of  hollow  and  jointed 
organs  of  locomotion  provided  with  distinct  miisclea, 
instead  of  the  mere  lateral  setie  or  bristles  often  met  with 
amongst  Yennes.  The  lowest  types  of  these  varions 
classes  possess  a  nervous  system  closely  analogous  to 
that  of  the  various  kinds  of  Worms  ;  bnt  in  the  higher 
kinds  of  Crabs,  Spiders,  and  Insects,  we  meet  with  a 
great  increase  in  the  complexity  of  animal  organization, 
and  this  further  complexity,  as  might  have  been  expected, 
extends  to  the  norroua  system. 

Among  Insects,  for  example,  the  respiratory  organs 
assume  a  marvellous  dogree  of  elaboraLiou,  and  the  develop- 
ment of  this  system,  together  with  a  correlated  organiza- 
tion of  their  nervous  and  muscular  systems,  contributes 
greatly  to  confer  upon  these  denizens  of  the  air  those  enor- 
mous powers  of  locomotion  for  which  they  are  remarkable. 
Rut  the  acutenoas,  discriminative  power,  and  structural 
elaboration  of  sense-organs,  is  almost  sure  to  be  greatly 
icreased  in  creatures  endowed  with  such  activity ;  and, 

>king  to  the  constitution  of  the  Brain  us  well  as  to 
the  nature  of  the  *  intelligence  '  of  these  lower  animals,  it 
may  easily  be  conceived  that  increased  sensorial  activity  is 


M 


THE    NP.RVOUS    SYSTEM    OF    ARTHROPODS. 


I 


likely  to  be  associated  with  greater  brain  development 
with  higher  or  more  complex  brain  functions. 


and 


Among  the  lower  Myriapods,  such  as  lulus  and  Geophi- 
liis,  in  which  the  limbs,  though  very  numerous,  are  feeble 
and  ill-developed,  the  nervous  system  exhibits  only  a 
slight,  advance  over  the  forms  which  it  prosents  among 
the  hifjthor  Annelida.  In  lulus  (fig.  38)  the  single 
abdominftl  cord  shows  almost  no  traces  of  ganglionic 
swellings,  owing  to  the  great  number  of  the  small  nerves 
given  off  on  each  side,  along  ita  entire  length,  which  are 
distributed  to  the  hundreds  of  small  segments  entering 
into  the  composition  of  the  body. 


lOk 


Fm  ss.  -Antflrior  port  nf  lbs  yervcnu  STctom  of  lulxu  (Owen),  a,  a.  Ovrvbnl 
Ranglta ;  r,  e.  fipUc  nenrcfl  ;  tl,  d,  antennal  nerren :  ft,  uenres  of  the  palplaia 
ri).ii)<llt>l<H  ;  9,  amoplioffeal  cnrdf  ;  ' ,  /,  fltomftto-giufic  oerres ;  A,  motor  oorvo*  to 
thu  intufUir,  |ffucwKHng  froni  the  ;Mkrt  which  oorroflpondii  with  the  aiil 
IprnffUo,  here  fitsod  wtth  t,  i,  Um  mutnU  cord. 


The  brain  (a,  a),  elongated  transTersely^  is  divided  by  a 
slight  median  furrow,  and  is  continuons  with  the  short 
and  thick  optic  nerves  {c,  c).  Two  separate  nerves 
are  received  from  the  autenmc  on  each  side  {d^  d),  below 
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id  in  front  of  the  optic  nerves  ;  whilst  nearer  the  middle 
line  two  other  nerves  on  each  side  {b)  are  in  relation 
■ilh  the  palpless  mandibles.  The  thick  oesophageal 
^rds  (g)  are  continued  from  tho  irasterior  and  inferior 
"anfjle*  of  the  brain  ;  and.  as  they  descend  to  enter  the  me- 
^^nllary  or  Bub-ajsophagcal  ganglion  at  tho  commencement 
^Bf  the  abdominal  cord  {i,  i),  they  are  united  by  a  cross 
^B>ran(*h,  an  in  many  CruKtaoea  (fi^^.  30).  From  this  snh- 
^■ipsopha^cul  ganglion  large  nerves  are  given  off  on  each 
^Bide  {h)  to  supply  the  maxillie  and  other  parts  about  the 

month. 

^^    "The  Btomato-gastric  nerves,    which    arise  from  the 

^■fOBterior    part  of   the  brain   immediately,   form   a  third 

slender  ring  (e)  about  the  cDsopbagus,  frum  the  middle  of 

^the  npper  part  of  which  the  trunk  of  the  stomato-gastrio 

r&tem(/)  is  continued  a  short  way  back  upon  the  stomach/' 

"uhen  it  divides  into  two  branches  which  "  bend  abruptly 

backwards,  and  run  parallt'l  with   each  other  along  the 

dorsO'Iateral  parts  of  the  wide  and  straight   alimentary 

canal."    (Owen.) 

In   the  more  powerful  predatory  Myriapods,  of  which 

le  common  Centipede  may  be  taken  as  a  type,  a  distinct 

'advance   is  met   with.     This  carnivorous  creature  has  a 

jmallcr  cumber  of  better-developed  limbs,  and  its  neiTons 

rstem  closely  resembles  that  found  amongst  the  larvm  or 

iterpillarsof  higher  Insects  (fig.  39).   The  supra-cesopha- 

}ul  gauglia,  or  bruin,  receive  neiTes  from  the  two  pairs  of 

itenna^,  and  from  the  groups  of  ocelli  on  each  side  of  the 

sad.     They  are  connected  by  ccsoplmgeal  cords   with  a 

dlobcd  infra- ocsophugenl  ganglion,  which  distributes  nerves 

to  the  jaws  and  other  parts  about  the  mouth.   This  bilobed 

■^ifra-cesophflgeal  ganglion   is  the   first  and  largest  of  a 

^Beries  of  ventral  guugUa,  numbering  about  twenty,  which 

are  connected  together  by  a  double  ventral  cord.    Every 
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ganglion  flcnda  off  lateral  nerves  to  a  paii*  ot  limbs.  The 
Btomato*gastric  uerves  are  connected  with  the  posterior 
part  of  tlie  brain  or  with  the  crsopha- 
geal  cords,  and  they  distribute  them- 
selves over  the  alimentary  canal  in 
the  usual  mnnner. 


Fm.  »I. 


PKI.  X>. 


Among  Crustacea  great  differ- 
enceH  are  met  with  in  the  degree  of 
concentration  of  the  ncn*ous  system, 
the  variationH  being,  in  the  main,  de- 
pendent upon  differences  of  external 
form  aiul  in  tbo  arran(;ement  of 
locomotor  nppendiiges,  in  the  different 
representatives  of  the  class.  In  some 
of  the  lower  terms  of  the  series,  such 
as  the  Sandhoj)per  and  its  allies,  in 
which  the  body  is  elongated  and  com- 
posed of  ranny  almost  similar  seg- 
ments, the  nervous  system  is  not  very 
different  from  that  of  many  Worms. 
In  the  Saudhopper,  indeed,  the  ven- 
tral cords  and  gnn^lia  (tig.  34)  of  the 
two  sides  of  the  body  are  separate 
from  one  another  as  thov  are  in  Ser- 


FiO.  M.—  ServMiM  hvolcm 
at  C-omtnon  S&ndhupprr 
iTalUrvM  focuj/ii).  (QnUit.) 
Showlnf  wpumto  ccivbrnl 
ganglia,  ench  abniit  llie  nno 

ri«.MoUi.rff*iiBi..»itM«w<i  py]a  (firr.'32),  altliouch  the  candia 

oiiUjo-«t«ruk'n-nlnihord(i.    '^,-  .  ,  T, 

Flo  s.v-Nor»n.ui  8r-tcm  are  hero  fewer  in  number  and  much 

ofCymolbo-,  (Gr«t><ero-    ^  disHuct. 

uru    K'^i^i^)''^  nlnicwt  wholly 

Ah^Dt  rppm  ni*i»iia««a  In  slightly  higher  forms  of  Crus- 
nnct.«,.annuinKUi.,wiui.>  tacea,  however,  the  two  divisions  of 
« .ii^ie  voiitnii  ci.ni.  wiui  the  originallv  double  ventral  cord 
TaU  always  become  fused  together,  whilst, 

at  the  same  time,  the  oqunlity  of  the 
several  ganglia  dimiuiBhes.     TJius,  in  such  forms  as  the 
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Lobster  and  the  CrnyHsh,  the  gnnglia  of  the  thorax,  which 
BQpply  nerves  to  the  limbs,  ore  dibtinctly  larger  than  those 
of  the  abdominal  scg^racnts,  thouj»li  these  are  also  of 
good  size,  since  the  tail-segments  are  actively  called  into 
play  dnring  locomotion. 

Id  the  Prawn  a  farther  development  and  concentration 
of  the  nervons  system  is  seen.     The  thoracic  i^auglia  nre 
fused  into  a  single  elliptical  mass^  whilst 
those  of  the  abdominal  segments  still  re-  * 

main  separate. 

Bnt  in  the  ordinary  edible  Crab  (tig.  8(3) 
and  its  allies,  an  even  more  remarkable 
cflucentratiou  of  tiio  nervous  system  is  met 
with.  All  the  thoracic  and  all  the  abdo- 
minal ganglia  are  here  fused  into  one  large 
perforated  mass  of  nervous  matter  (r,  **), 
situated  near  the  middle  of  the  ventral 
rcgion  of  the  body.*  From  this  large 
and  compound  ganglionic  mass  nerves  are 
i-eceived  from,  and  given  off  to,  the  limbs, 
to  the  abortive  tail,  and  to  other  adjacent 
parts.  The  brain  {a\  of  the  Crab  is  repre- 
sented by  a  rather  small  bilohed  ganglion. 
It  receives  nerves  from  the  ptMlunculate  I 
compound  eyes,  from  the  two  pairs  of 
uiitennBe,  and  from  the  palpi-beariug  man- 
dibles. The  posterior  aTilcnnri)  (or  anteu-  P^nsii^  roc<iviB« 
uuies,  as  tbey  are  sometimes  termed)  con-   oWartnryf?-  nen-u.: 

n  in  their  basal  joint  a  body  which  is   *.M''n8t»«pb4g«ai 

1  wrdn ;    f.    c,    great 

"mipposcd  to  represent  an  olfactory  organ,  vonma    (ruuriioiae 
though  others  have   regarded  it   (on   very  J^'^,  (MiiDe-Bd- 
insufficient  grounds)  as  an  organ  of  hear- 
ing.    This   small  bilohed  brain   is,   indeed,   thought    by 
irgo  arlory  pusaea  through  th«  apeitnre  in  this  gitnglioit- 


i_  uu 


Fio.    M.     N'ervou* 
SyntiSni    \A    a   Crub 

n,     FtiAod    cfirr«t>nU 
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many  naturalists  reallj  to  embody  thiee  pairs  of  ganglia, 
in  relation  with  three  pairs  of  sensory  organs,  viz.,  eye% 
tactile  antenuse,  and  tho  sup])osed  clfactory  anteuuules. 

The  bruin  is  connected,  by  means  of  a  long  cord  on 
each  side  (b,  b)  of  the  cesophagus,  with  the  anterior  ex- 
tremity of  the  gieftt  ventral  ganglion.  Nerves  in  relation 
■with  the  organs  of  mastication  join  the  cords  about  mid-, 
way  between  the  brain  and  tho  great  abdominal  ganglion, 
and  small  ganglia  are  to  bo  found  in  this  situation.  Just 
behind  these  Bnmll  ganf^Uii  a  transverse  commissure  con 
nects  the  cords  with  one  another.  Tho  unusual  length  of 
the  oDsophogoal  cords  is  one  of  the  most  notable  elmracter- 
istica  of  the  nervous  system  of  the  higher  Crustacea,  and 
this  seems  due  in  part  to  the  fact  that  the  sub-cesophageal 
ganglia  remain  separate  instead  of  uniting  with  one 
another,  as  they  do  in  fig.  18. 

The  '  stomato-gastric  *  system  of  Crustacea  is  very 
similar  to  that  which  exists  in  Centipedes.  One  part  of  it 
is  given  off  from  the  oesophageal  cord  on  each  side,  while 
another  median  branch  proceeds  from  the  posterior  pnrtof 
the  united  cephalic  ganglia,  as  in  lulas  (fig.  33,/),  AVhero 
the  main  nerve  lies  on  the  upper  surface  of  the  stomachy 
in  tho  higher  Crustacea,  it  is  connected  with  one  or 
two  ganglia  from  which  branches  pass  to  the  walls  of  this 
organ.  They  send  filaments  also  to  the  right  and  left, 
into  the  liver.  This  principal  visceral  ner>'e  is  brought 
into  communication  with  the  above-mentioned  ncn-es, 
going  to  the  organs  of  mastication,  by  means  of  two 
filaments  which  join  the  ganglionic  swellings  on  the 
(Bsophagcal  cord  at  the  part  whence  they  issue. 


4 


Among  Arachnida  forms  of  the  nervous  system  exist] 
which  agree  in  many  respects  with  those  belonging  to 
members  of  the  class  last  described — especially  where 
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there  are  general  ftimilavities  in  the  external  confignration 
of  the  body.  Thus  in  Scoi-pions  the  arranijement  of 
the  nervous  system  is  not  vei-)-  dissimilar  from  that  met 
with  in  the  Prawn  and  its  allies.  The  thoracic  ganglia 
have  coalesced  with  one  another  and  with  the  anterior 
abdominal  ganglia;  thereby  forming;  a  large  stellate  ner- 
vous mass  which  supplies  the  hmbs  and  the  anterior  part  of 
the  flbdomen.  'J  he  ventral  cord  throughout  the  remainder 
of  the  abdomen^  and  its  caudal  prolongation,  is  marked  at 
intervals  by  a  series  of  small  ganglionic  swellings. 

In  Spiders  proper,  the  nenous  system  attains  its  maxi- 
mum amount  of  coiicentralion.  The  bilobed  brain  (fig. 37,  c) 
receives  nenes  on  each  side  (/)),  corresponding  in  number 
with  the  ocelli  which  the  animal  may  happen  to  possess. 


Fw.  ST.— Bouiuid  NoiTouB  Sjmtotn  of  a  Spider  (Jtfj^Ir).  (Owen  after  Dull^B.) 
r.  Cerobr&l  jipiTiglU  {nido  vlvw),  rccelvlng^  'ai  o|>tia  oerrea,  and  («<)  uerwa  (menaory  and 
motor)  from  tba  powerful  maodlblos,  m'.  The  ctrebral  irniifCll*  U9  evnneoted  by 
very  shoK  ucsoptiaj^eiil  cnrda  with  a  L&rge  stcUatu  rentni  ganglion  (#),  from  nbloh 
Ave  lartro  ner^et  im*ie  cm  each  ilde  (p, '.  /);  a,  mouth ;  b,  csaopbagua ;  rf,  •tomach. 


It  also  receives  two  large  nerves  (mj,  which  probably  con- 
tain outgoing  as  well  as  ingoing  fibres,  from  the  so-called 
mandibles  (;//). 

Owing  to  the  suctorial  habits  of  these  fierce  and 
predatory  creatures,  the  oosophagus  is  very  narrow ;  and 
as  a  consequence,  the  oesophageal  cords  are  very  short,  so 
that  the  brain  is— unlike  the  arrangement  which  obtains 
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in  the  common  Crab  and  its  allies  (fig.  36) — quite  cl( 
to  the  great  stellate  systemic  ganglion   («),   into  whii 
are  fased  the  representatives  of  the  sab-o^rophageftl, 
thoracic,  and  the  abdominal  ganglia. 

From  this  ganglion  (fig.  38, 
fire  principal  nerves  are  sent 
on  each  side,  *'  the  first  to  I 
pediform   maxillary  palpi;   the 
secood    to   the   more   pediform 
labial  palpi  ^  which  are  nsaallj 
longer  than  the  rest  of  the  Ie| 
and  nsed  by  many  Spiders  rathei 
as   instalments  of   exploration 
than  of  locomotion ;  the  thi 
poslorior  nerves  snpply  the 
maining  legs,  which  answer 
the    thoracic  legs  of  hexapod 
Insects."     (Owen.) 

Since  the  sub  -  oesophageal  ^i 
ganglia  are  in  part  analogoos^H 
as  already  stated,  witli  the  *  rao-^^ 
dulla  oblongata'  of  vertebrate 
animals,  their  fusion  with 
thoracic  ganj^lin  in  Arachnida, 
as  well  as  in  Myriapoda,  tendfl, 
in  a  measure,  to  confirm  the 
jA«.M«.rf„u.MOjj«.t*u«^^ur  view  held  by  some  anatomists, 
rrwit  vciiirai  caiifikm,  cDnuBunitmt'  that  it  is  Ixitter  to  regard  the 
Xr"'',*:':':^-;'";;^,-':  'medulk-  a*  a  prolongation  of 
r.  uiMik*  pfi4..iitr«tii'n.  tile  Spina]  cord,  than  as  an  in- 

tegral part  of  the  brain.  The 
artificial  line,  that  is,  which  for  convenience  is  drawn 
bi'tweon  the  bniin  and  the  cord  in  Vertebrates,  should  be 
placed  at  the   uppiT  rallitr  than  the  lower  or  posterior 
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boundary  of  iho  '  medulla/  so  that  the  latter  paH  may 
bo  regarded  as  the  more  highly  developod  portion  of  the 
8pinal  cord  by  which  fusion  with  the  brain  is  effected. 

The  visceral  nerves  are  well  developed  in  the  higher 
Arachnida.  They  consist  of  one  or  two  filaments,  on 
which  a  ganglion  may  exist,  in  connection  with  the  postt^rior 
part  of  the  brain,  and  thence  proceeding  to  the  stomaoh 
and  other  internal  organs.  There  are,  moreover,  two  or 
three  branches  given  off  from  the  great  ventral  ganglion 
which,  after  passing  tbroagh  smaller  ganglia,  dlstribntc 
numerous  filaments  to  the  intestines,  the  respiratory 
and  genital  organs,  as  well  as  other  viscera.  The  former 
set  may  be  in  the  main  afferent,  and  the  latter  perhaps 
principally  efferent  vibceni!  nerves. 

Organs  of  vision  are  much  more  elaborate  in  Crustacea, 
Spiders  and  Insects,  than  among  Worms  or  Centipedes. 
And,  whilst  organs  of  touch  and  taste  are  further  perfected, 
two  sensory  endowments,  found  among  higher  Xrol- 
lusks,  seem  also  to  manifest  themselves.  These  higher  Ar- 
thropods are  capable  of  being  impressed  by,  and  of  discri- 
minating, the  different  odours  of  some  substances  anterior 
to  their  contact  with  the  mouth.  This  power  must  mate- 
rially aid  them  in  their  '  search '  for  or  recognition  of  food. 
Some  ArtLiopmla  seem  to  be  also  capable  of  appreciating 
those  vibrations  of  the  medium  they  inhabit  which  induce 
impressions  recognizable  by  us  as  sounds  or  noises.  Still, 
in  some  of  the  most  highly  organized  forms  of  Insects 
a  sense  of  hearing  appears  to  have  uo  existence.  Mach 
nncertiiinty,  in  fact,  exists  in  regard  to  this  sense-endow- 
ment.* Extreme  sensibility  of  the  tactile  order  may 
cause  the  organism  to  display  an  apparent  sensitiveness 
to  sounds.  A  delicate  general  ability  to  appreciate  aerial 
vibrations,  therefore,  must  not  be  confounded  with  the 
•  $M  pp.  6b  and  2U5. 


Fto.  .19.— Ni*nrmui  Syjit^m  of  fuU-grovm  Gftterpillar  uf  PriTefc  Biiwk-Moth  (S^ii 
i^iuin),  ftLp(Hic  two  dajf  prorloui  to  it*  cbjuigo  to  the  ctirrwllt  state. 

Fio.  40.— S«r»fmii  Hystom  of  tho  Privet  Rawk-Motli  thirty  day*  after  chmoglnf 
tbe  chryaall*  ctAte.  The  abdotDlnal  cords  wn  now  ooou  to  bo  much  •hurtcusd, : 
hiuHng  five  bMtMd  of  Nvtn  gan^flfaL 

Flu.  41.— N«rvo<u  Byatom  erf  tbe  porfoot  liwoct.     a,  Graatly  cnlkr^w)  oeretxmt. 
Mul  a,  opUc  fanirll*>    The  mimenl*  refer  to  tb«  niimbot«  of  Ui«  giuigll«.    o,  o,  o,  «^j 
ropitaloiy  dvtvcb,  '  ncrrl  tnuutrttraL'     (Solly  alter  Newport.} 

organization    may  be  perceptible  by  the  sensory  organs 
and  centres  of  some  of  tbe  lower  organisms. 

Additional  aensory  endowments  like  Smell  and  Hearing 
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would,  of  course,  be  of  importuuce  to  any  organisms,  but 
move  especially  to  those  possessing  active  powers  of  loco- 
motion. They  would  serve,  on  the  one  hand,  to  aBftist  in 
bringing  their  possessors  into  relation  with  food,  or  with 
sexaal  mates,  and,  on  the  other,  to  warn  them  of  the 
approach  of  enemies. 


The  nervous  system  of  Insects  varies  not  only  among 
different  classes  and  orders,  but  even  in  the  same  indivi- 
dual in  different  stoj^es  of  its  development.  The  cater- 
pillar of  a  Moth  (tig.  39)  or  Butterfly  presents  a  nervous 
system  not  very  different  from  that  met  with  in  the 
Centipede;  while  in  the  imago 
or  perfected  Insect,  the  same 
system  has  undergone  some  re- 
markablo  changes — there  is,  for 
instance,  an  increased  size  of 
the  cerebral  ganglia,  and  also  a 
notable  development  of  some  of 
the  ganglia  pertaining  to  the 
ventral  cord,  while  concentra- 
tion or  even  suppression  of 
others  is  met  with. 

In    such   insects    as   Butter- 
flies,    Bees,     DrSgOU-fiieS,     and    •»«C«4»»i.»Pt«ruu»  Beetle.  r.^ircAa 

^    ,  UnrbricoMi.    (NeviKirt.)   A,  Btalli  re- 

others  where  the  visual  organs  ccWiiiittiieanteimiUiuTvwi.andftiiio 
nro  enormously  developed,  and  ,,„.p»tietkfn>m.ndr..rtb,™m- 

in    whicll  the  power  of  vigorous     Tncn«n:cnt  of  the  let ophagcal  cort« ; 

and  sustained  flight  is  corres-  vap...  orTiswmiuerTciHforoMKh- 
pondinglv  increased,  the  nervous  ^«  "■  ^""si'o";  -•  ^^'^  ^^"J 
system  as  a   whole  attains   its 

maximum  of  development  among  the  Ailhropoda.  The 
brain  of  these  creatures  difTers  from  that  existing  in  all 
other  members  of  the  class  by  reason  of  the  great  develop- 


Fio.  43.-Ur«lnM>d  Ailjaeent  VmiX'% 

nf    NervDiu    Syhtom   (if    u    mthcr 
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inent  of  those  portions  of  it  in  relation  with  the  visual 
organs,  as  may  be  seen  by  fig.  45,  representing  the  nerron 
system  of  the  Common  Fly,  and  by  fig.  42,  representing 
the  brain  of  a  Beetle.  A  ganglionic  swelliiig  is  fre- 
quently found  where  the  optic  nerve  joins  the  brain,  and 
in  some  Insects  there  are  also  small  ganglionic  swellings 
at  tlic  corresponding  parts  of  the  antennal  nerves. 

It  is  in  Ants,  Bees,  and  Flies,  however,  that  the  brain 
of  Insects  seems  to  attain  its  greatest  development.  Speak- 
ing of  the  brain  of  the  Blow-fly,  B.  T,  Lowno  says*: — 
**  Next  to  bees  and  ants  that  of  the  blow-fly  is  the  largest 
known  in  any  insect  proportionally  to  its  size,  being  aboat 
thirty  times  hirger  than  the  cephalic  ganglia  of  the  larger 
beetles."  The  same  writer  adds  : — *'  But  a  more  positive 
indication  of  a  higher  type  of  organization  than  even  the 
relative  bulk  of  the  sensory  ganglia  is  found  iu  the  fact 
that  two  very  remarkable  convoluted  nene  centres,  con- 
nected by  a  commissure,  each  about  l-30th  of  an  inch  in 
diameter,  snrmount  the  cephalic  ganglion,  and  are  con- 
nected to  it  by  a  pair  of  distinct  peduncles;!  these  are 
extremely  like  the  pedunculated  convoluted  nerve  centres 
which  occupy  the  same  position  in  bees  and  ants,  first 
described  by  M.  Felix  Dujardin  ("  Ann.des  Sc.  Nat."(Ser« 
iii.),  t,  xiv.  p.  195),  and  considered  by  him  as  analogous  to 
the  cerebral  lobes  of  the  higher  animals.  Tbat  naturalist 
failed  to  distinguish  these  organs  in  the  fly,  probably 
ouing  to  their  being  imbedded  in  the  substance  of  the 
cephalic  ganglion."  In  the  Beo,  according  to  Dujardin, 
these  peculiar  bodies  are  attached  to  the  sensory  gangliA 
by  a  single  peduncle,  and  their  united  bulk  is  said  by 
him  to  equal  ^ih  of  the  whole  bruin.  Further  details 
concerning  these  interesting  structures  are  much  needed. 
The  double  cerebral  ganglion  is  connected  iu  nearly 
»  -  Anat.  of  the  Blow-flj,"  p.  U.       f  Loc  cit »  PL  vii.  fig.  4 
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all  Insects  with  a  separate  siib-ccsophagcnl  ganglion,  from 
wLich  nerves  are  rriven  off  to  the  mandibles,  the  maxillffi, 
und  the  labium.  But,  as  in  Spiders,  the  ccsophagoal  ring  is 
often  very  narrow,  0A\iug  to  the  greatly  dimiuished  size  of 
the  ffisophaf^us  in  the  imago  forms  of  higher  Inseets.  In 
Spiders   and   Myriapods,   as   before  stated,  the  sub-ceso- 


F&iti^ 


Ftu.  U. 


Pta   4A 


Pin.  43. — .Verroiu  System  of  a  White  Ant  {Teruua),  (Qogenfaaiter  mltmt  tjm^tt.) 
'tin,  44.— NtT»oo«  System  of  a  Water  Ilcctle  (J)w(fct(«X    (Oo^renbuuor.) 
^yia.  4&.— N'orrotu  6jat«m  ci  %  My  (Mtnea).     (QcgvnbuiuT  after  HUncbard.)    u. 
H;  •n\m'<mophagKtl  ganglia  ;l«iuu) ;  i^t.uilMjeiiopbiitfiAlgunfflUni  ;  gr,  fp>,  p* 
fuMd  (pcingUa  of  the  thorax. 

phageal  ganglion  Las  no  separate  existence  apart  from 
the  thorai:ic  ganglia. 

In  many  Insects  the  three  thoracic  ganglia  preserve 
a  separate  e?usteuce  (fig.  43),  though  iu  others  of  the 
higher  types  above  referred  to  these  ganglia  are  more 
frequently  fused  into  a  single  lobed  mass  {tig.  46).     Tlie 
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eight  abdominal  ganglia,  M-hich  are  always  much  smaller 
thuD  the  thoracic,  also  continue  to  bare  a  separate  exist 
ence  among  some  of  the  less  developed  types  of  Insert^ 
(Gg.  43)  Ihoii'^h  it  is  more  frequent  for  some,  or  even  all, 
of  them  to  disappear  (figs.  44,  45). 

The  *  stomato-gastric  *  system  of  nerves  attains  a  con- 
siderable degree  of  complexity  in  these  animals.  In  front 
there  ia  a  median  ganglion  (fig.  42}  lying  below  and  often 
anterior  to  the  brain.  Tlxis  oral  ganglion  is  a  swelling 
situated  on  the  great  median  (aflereut)  visceral  nerve,  at 
the  spot  where  it  bifurcates  in  order  to  proceed  to  each 
half  of  the  brain.  It  receives  branches  from  the  mouth 
and  adjacent  parts.  The  main  nerve,  or  else  the  ganglion* 
is  also  connected  with  other  branches  (c),  proceeding  from 
one  or  two  pairs  of  lateral  ganglia  situated  close  to  the 
oesophageal  cords,  and  often  iu  structural  relation  with 
them.  This  visceral  system  of  nerves  receives  branches 
from  the  stomach,  the  iutestiues,  and  other  internal 
organs. 

In  Inaects,  moreover,  we  meet  with  another  semi- 
independent  set  of  visceral  nerves,  connected  with  a  chain 
of  minute  ganglia  lying  upon  the  great  ventral  gangliouated 
cord,  and  nnited  thereto  by  means  of  minute  nerve  fila- 
ments. The  ner\'e8  (fipj.  41,  o,  o,  o)  iu  connection  with  this 
chain  of  minute  ganglia  are  received  from  and  distributed 
to  the  all-pervading  respiratory  organs  (air  tubes)  of  the 
Insect.  They  are  known  to  anatomists,  on  account  of  the 
disposition  of  their  main  branches,  as  '  nervi  tranaversi,' 
and  are  much  more  highly  developed  in  these  animals 
than  are  anything  corresponding  to  them  amongst  other 
Arthropuds. 
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CHAPTER    VTT. 

DATA    OONOEBNJNO   TUK    DRAIN    DERIVED    FROM    THE    8TUDT 
OF   TBB   NERVOUS   SYSTEM    OF   INVERTEBRATES. 


This  Burvey  of  some  of  tbe  principal  varietiea  of  the 
Nervous  System  among  the  Invertebratn,  brief  though  it 
bus  been,  should  have  sufliced  to  call  attentiou  to  many 
important  facta  and  to  show  the  warrant  for  certain  related 
inferences,  many  of  which  are  embodied  in  the  following 
propositions  : 

1,  Sedentary  nnimals,  though  they  may  possess  a 
Nervous  System,  are  often  headless,  and  they  then  have 
no  distinct  morphological  section  of  this  system  answering 
to  what  is  known  as  a  Brain. 

2,  Whore  a  Drain  exists,  it  is  invariably  a  double 
organ.  Its  two  halves  may  be  separated  from  ono 
another ;  though  at  other  times  they  are  fused  into  what 
Bppoars  to  be  a  single  mass. 

3.  The  component  or  elementary  parts  of  the  Brain 
in  these  lower  animals  are  Ganglia  in  connection  with 
nerves  proceeding  from  special  impressible  parts  or  Sense 
Organs  ;  and  it  is  tlu'ough  the  intervention  of  these  united 
Sensory  Ganglia  that  the  animal's  actions  are  brought  into 
harmony  with  its  environment  or  medium. 

4.  That  the  Sensory  Ganglia,  which  in  the  aggregate 
constitute  the  Brain  of  invertebrate  animals,  arc  connected 
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viih  one  &noUi«r  on  tbe  anw  aide  &zid  «bo  with  their 
leUows  on  opposite  sides  of  the  bodj.  Thev  are  rdstod 
to  one  SDOlher  ehher  bj  vhst  spposn  to  be  ccmtinaoaB 
growth  or  hj  laesns  of  'eomnuasiues,* 

5.  The  size  of  the  Brsin  fts  s  whole,  or  of  its  seversl 
parts,  is  therefore  always  £urly  proporiioosto  to  the  develup- 
ZDeot  of  the  animal's  special  Seose  Organs.  The  zuore 
aoj  one  of  these  impressible  surfaces  or  orc^os  becomes 
elaborated  and  attaned  to  tak')  part  in  discriminating 
between  raried  external  impressions,  tbe  greater  will  be 
the  proportionate  size  of  the  ganglionic  mass  concerned. 

C.  Of  the  several  sense-organs  and  Sensorj  Ganglia 
whose  activity  lies  at  the  root  of  the  Instinctive  and 
InteUigent  life  (such  as  it  is)  of  Invertebrate  Animals, 
some  are  much  more  important  than  others.  Two  at 
them  especially  are  notable  for  their  greater  proportional 
development :  viz.,  those  concerned  with  Toach  and 
Vision.  The  organs  of  the  former  sense  are,  howeveri 
soon  outstrippetl  in  importance  by  the  latter.  The  vism 
sense,  and  its  related  nerve-ganglia,  attain  an  altogethc 
exceplionnl  development  in  tbo  higher  Insects  and  in  th4 
highest  MolluKks. 

7.  The  BcnRo  of  Tasto  and  that  of  Smell  seem,  as  a 
mle,  to   be  developed  to  a  much  lower  extent.     In  the 
great  majority  of  Ltvcrtebrate  Animals  it  is  even  difReult  to 
point  to  diHtiuct  organs  or  impressible  surfaces  as  certainly 
devoted  to  tlio  reception  of  either  of  such  impressionsal 
KoverthelesB,  as  we  shall  subsequently  find,  there  is  reasoaj 
tu  Itelievo  that  in  some  Insects  the  sense  of  Smell  is  mai 
vcliouHly  keen,  and  so  much  called  into  play  as  to  make 
for  such  oreatures  quite  the  dominant  sense  endowment. 
It  to  jirclty  acute  oIko  In  some  Crustacea, 

8.  'J'he  Bcnsoof  Hearing Moems  tube  developed  to  a  very 
•light  extent.     Organs  supposed  to  represent  it  have  been 
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dlHcoTored,  principally  in  MoUusks  aud  in  a  few  Insecita. 
It  is,  liowcvcr,  of  no  small  interest  to  find  that  where  thcao 
organs  exist,  the  nerves  ifisiung  from  tLem  are  most  fre- 
quently not  in  direct  relation  with  the  Brain,  but  imme- 
diately connected  with  one  of  the  principal  muter  nerve- 
centres  of  the  body.  It  is  conjectured  that  these  so-called 
'  auditory  saccules '  may*  in  reality,  have  more  to  do  with 
what  Cyon  terms  the  sense,  of  Space  than  with  that  of 
Hearing  (p.  218).  The  nature  of  the  organs  met  with 
R(ip])orts  this  view,  and  thojr  close  relations  with  the  motor 
ganglia  also  become  a  trifle  more  explicable  in  accord- 
ce  with  such  a  notion. 

9.  Thaa  the  associated  ganglia  representing  the  double 
Drain  are,  in  animals  possessing  a  head,  the  centres  in 
which  all  impressions  from  sense-organs,  save  those  last 
fcrred  to,  are  directly  received,  aud  whenoe  they  are 
fleeted  on  to  diftercnt  groups  of  mu&cles — the  reflection 
curring  not  at  onco  but  after  tlic  stimulus  hns  passed 
through  certain  *  motor*  ganglia.  It  may  be  easily  under- 
I  stood,  therefore,  that  in  all  Invertebrate  Animals  perfection 
^—cf  sense-organs,  size  of  brain,  and  power  of  executing 
^Kcanifold  muscular  movements,  are  variables  intimately 
^^kelaled  to  one  another. 

^™  10.  But  a  fairly  parallel  correlation  also  becomes  estab- 
I  lidied  between  these  variuus  developments  and  that  of  the 
r  Internal  Or^'ans.  An  increasing  visceral  complexity  is 
gradually  attained ;  and  this  carries  with  it  the  necessity 
for  a  further  development  of  nervous  communications. 
Tlie  several  internal  organs  with  their  varying  states  are 
gradually  brought  into  more  perfect  rt'latiou  with  tho 
principal  nerve  centres  as  well  as  with  one  another. 

11.  These  relations   are    hrought    about  by  important 
isceral  nerves  in  Vermes  and  Arthropods — those  of  the 
Stomato-Gastric  System  ' — conveying  their  impressions 
6 
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taihet  direct  to  tbe  posterior  part  of  the  Brain  or  to  iU 
podnncles.  TLcy  thns  contribute  interDal  tmprcssioiis 
vbich  impinf^e  upon  the  Brain  side  by  side  with  tluMW 
eoming  throoffh  external  sense  organs. 

12.  This  Visceral  System  of  Nerves  in  invertobrttte  aoi- 
flSfll*  hA0,  when  compared  with  the  rest  of  the  Kenroos 
BytUm,  ft  greater  proportional  derelopment  than  smoDg 
vertebrate  animals.  Its  importance  amon^  the  former  is 
not  dwarfed,  in  fact,  by  that  enormous  development  of  the 
Ftrain  and  Spinal  Cord  which  p^dually  declares  itself  in 
the  latter, 

1*3.  Thus  improssions  emanating  from  the  Viscera  an 
stimulating  the  organism  to  movements  of  various  kinds, 
whether  in  pursuit  of  food  or  of  a  mate,  would  senm  to 
have  a  proportionally  greater  importance  as  constituting 
part  of  the  ordinal^  lucntal  life  of  Invertebrate  Animals. 
Tlie  conibiimtion  of  such  impressions  Mitb  the  sonse- 
guidtul  movemonts  by  which  they  are  followed,  in  complex 
groups,  will  lie  found  to  afford  a  basis  for  the  development 
of  many  of  the  Instinctive  Acts  which  animals  so  fie- 
quontly  dittplay. 
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nrC   BRAtN   OF  FISHES   AND    OF  ASrrHTBTi. 


'n  all  Vertebrates  the  relation  of  the  prinoipiil  nervous 
gftuglia  to  the  commencement  of  the  alimentary  canal  is 
different  from  that  existing  among  tho  Invertebrates, 
We  no  longer  find,  as  in  the  Mollusk^  the  AVorm,  or  the 
Insect  a  ring  of  nerve  matter  cncireHng  the  cesophagus. 
The  parts  which  in  Fishes  answer  to  the  supra-  and  sub- 
rcaophftgeal  ganglia  lie  altogether  above  t!ie  oeaophagns, 
and  they  are,  moreover,  directly  continuous  with  one 
anothcri  instead  of  being  connected  by  long  or  short  com- 
missures. 

In  Fishes,  as  well  as  in  other  Vertebrates,  all  the  parts 
constituting  the  Brain,  as  well  as  tho  Medulla  Oblongafa^ 
arc  enclosed  within  a  distinct  *  Bkull'  or  '  cranium/  while 
within  this  they  are  again  surrounded  by  two  membraucs 
— one  of  which,  and  the  thicker  of  the  two,  lines  the 
inner  surface  of  tho  cranium ;  while  the  other,  which  is 
delicate  and  transparent,  immediately  envelops  the  great 
nerve  centres.  The  Spinal  Cord,  which  is  directly  con- 
tinuous with  the  Medulla,  is  also  lodged  in  a  bony  case 
known  as  the  '  spinal  canal* ;  and  this  is  formed  by  the 
eontignons  posterior  arches  of  the  several  vertebrm  com- 
posing  the  spine  or  vertebral  column. 

Among  the   In  vertebra  ta,   it   is   the    nervous    Bystem 
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of  Insects  and  other  Arthropods  which  appronches  most 
closely  to  that  of  Fishes,  inasmuch  as  they  posaess  a 
single  or  douhlc  jc^nKlionaW  nervous  cord  running  through 
the  body,  which  ik  fuiily  coni[»arftl»le  with  the  spinal  cord. 
In  Insects  and  their  allies^  however,  this  cord  is  sitnated 
in  the  ventral  region ;  while  the  spinal  cord  of  Vtrte- 
brates  lies  above  the  alimentary  canal  in  the  dorsal  region 
of  the  body.  No  such  structure  exists  or  is  needed 
among  MoUiisks^  because  these  organisms  have  no 
articulated  locomotor  appendages,  and  arc  otherwise 
notably  different  in  form  and  organization ;  yet  it  is  true 
that  among  the  highest  representatives  of  this  latter 
class  (viz.,  the  Ceplialopods),  we  get  the  ilrst  approach  to 
the  formation  of  a  distinct  brain  case  or  '  cranium/ 

All  the  nerve-centres  situatcul  within  the  cranium  have 
been  regarded  as  parts  of  the  Brain  in  Vertebrates,  whilst 
those  lying  beyond  it,  and  within  the  spinal  canal,  con- 
stitute the  Spinal  Cord :  the  two  togetlier  are  sometimes 
spoken  of  as  the  '  Cerebro-Sjiinal  Axis.' 

But  in  addition  to  the  Sensory  Ganglia,  and  the  Medulla 
Oblongata,  there  are  certain  highly  important  supple- 
mentary parts  entering  into  the  comiwsition  of  the  Brain  of 
the  Fish.  There  is,  for  instance,  a  pair  of  bodies  known 
as  the  Cerebral  Lobes;  whilst  further  back,  in  connec* 
lion  with  the  Medulla,  we  have  another  new  nervous 
ganglion,  single,  but  having  equal  parts  on  each  side  of 
the  middle  line,  which  is  known  as  the  Cerebellum. 
That  representatives  of  these  parts  (seemingly  superadded 
to  the  brain  of  Fishes  and  other  Vertebrates)  are  really 
non-existent  in  the  highest  MoUusks  and  Insects  it  would 
not  bo  safo  to  aflirm ;  especially  as  ganglia,  which  have 
been  compared  to  Cerebral  I-'*>be8,  exist  in  the  Cuttlefish, 
and  even  more  distinctly  i»  Ants,  Bees  and  some  Fliea. 
O     *^ie  other  hand,  both    the   Cerebral  Lobes  and  the 
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Cerebellum  tend  to  increase  jn  size  and  become  more 
and  more  complex  ns  wo  pass  from  Fishes  to  Reptiles, 
from  Reptiles  to  Birds,  and  from  Birds  to  Mammals. 

The  relative  size  of  thcso  parts,  liowever,  as  well  as  of 
other  divisiona  of  the  Brain,  ^ill  be  found  to  vary  greatly 
in  different  kinds  of  Fishes. 


fvi.  44.— Bnin  nod  CmntAl  Kervis  of  lb«  Porch,  •tdoTlvw.  (Oesrabmior,  kftcr 
Cutler.)  ./{,  Curctinil  IhImi  vrilh  nlfACtory  iptugliini  hi  fruiil ;  A,  ii|illc  lutic  .  C.een- 
IwUutu  ;  D,  mcduIU  «l)liinf{«U ;  /,  olOictnry  ncrro  cuniiiitf  fr*iin  a,  tbu  uantl  nc; 
tJ,  i-lttlu  nemi  cut  acro?wi ;  ///.  iK.uli>-niutnr  ;  It',  truclUoor  nnrTu  ;  )',  trIjtcrnlnAl  ; 
t'lf,  ikiidtt<>ry;  Vitt.  vn«u»,  with  iU  gnn»flt«>n  ;  I;  lateral  bnuicli  uf  tlie  ra^jtu; 
t,  ii(«pcr  VHig  oi  lito  Mine :  m,  tloiihU  tirauch  ul  lUo  trij^etntnun.  wbkh  U  Joined  by 
H,  Oie  (liTTRil  timut'b  of  ttie  v.uri"  '■  ■<  fit  ¥•  three  \jnuicbe<i  of  Ibo  trigsmiuoii ;  Ai, 
IkM  imttc  '  k,  btviLcbUU  braiuhM  uf  tho  vd^fa*. 


The  Spinal  Cord  of  Fishes  is  more  or  less  cylindrical  in 
shape  i^'j:.  47,  n^  and  almost  uniform  in  thickness  through- 
out, except  tliat  it  tapors  to  a  point  posteriorly.  It  occurs 
noly  rarely  that  there  is,  as  in  the  Ray,  a  slight  swellinjj 
in  the  region  where  the  nerves  from  the  great  pectoral  6us 


TRii  ui  mem  is  coaneciea  tnei 
rior  (or  motor)  and  a  po 
root,   the  latter  SHelliug 
less  distinct  ganglion  josi 
begin  to  mingle  with  tho 
root.      This  mode  of   co 
spinal  nen'es  with  the  spl 
throughout   the  class  of 
in  all  other  Vertebrates 

Anteriorly  the  cord  is  c 
a  slightly  more  swollen  pn 
before-me&iione<l  MedalL 
(fig.  47,  d).  Many  very  im 
to  which  reference  will  si 
made,  are  attached  to  this 

Growing  from  the  back  ■ 
extremity  of  the  medulla  i 
or  tongue-like  projiiclion,  vi 
ah'eudy  referred  to  as  the 
Though  single  in  appearai 
double  and  composed  of  tv 
halves.  No  distinct  conn© 
with  this  body  can  l>e  detect 
eye. 
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smootb,  convex,  scroi-OToid,  or  tongue-like  body  (fig.  49,  d), 
Aecordin;!,'  to  Professor  Owon,  the  cerebollum  is  •'  very  Koiall 
ill  the  laxy  Lump-fish,  aiul  extremely  large  in  the  active 
uud  wurm-blooded  Tunuy."  It  nttnius  its  highest  develop- 
ment, however,  in  Sharks  (fig.  4ft,  c).  In  those  most  active 
and  predaceous  fishes  the  cerebellum  not  only  covers  much 
of  the  medulla,  but  advances  forwards  over  the  optic  lobes, 
and  the  extent  of  its  surface  is  further  increased  by  the 
existence  of  numerous  superficial  ftdds  or  indtintations. 
In  front  of  the  cerebellum  are  two  rounded  ganglia  known 

F».  4B.  Fio.  49 


Fm>  Ift.  -  Br»lni»f  llic  Shark  ICnrrJmcitis^  n!il«  *iow.  (Owen.)  r,  Cvrebrel  bcini- 
tfplii-'rc  :  o.  optic  lobo  :  c,  cerubcUunt  with  siirfnro  foltU  Iriu  ;  n.  olfaotory  g;uigltc>n, 
kIvIhc  (tfT  (r>  tAtmclury  norves;  t,  Jumtioit  of  alf;u<toi7  peiluiiclo  with  ceruhnl  Itflie  : 
X,  Cnii  cerebri ;  if,  pluoal  boij ;  n,  to^x^tiiu ;  p,  pituitiu'y  body  :  '2.  qpUe  iwnre ; 
3,  (Knilrv-inDtnr  nnrvo  :  A,  trigemlnui ;  7,  iiidltorf  ;  8.  v«^». 

KiK.  4f.— Hniln  ot  Rui\rli.  a,  OUuctury  pcdunclt:s ;  6,  eerobnl  Inbee ;  e,  opUelobw ; 
it.  ccTfsliellutn  ;  c,  mcilulk  ;  /,  uplic  ucrvca.     (After  Si'mrjJMitiD.) 

as  the  Optic  Lobes  (fig.  49,  c),  which  coiTespoud  with 

the  principal  part  of  the  Insect's  brain.  The  0]>tic  nerves 
arc  connected  with  their  under  smface  ;  and  they  decussate 
(figs.  51,  57),  so  tliat  the  one  proceeding  from  the  right  eye 
pftHses  to  the  left  optic  lobe,  and  that  from  the  left  eye  to 
the  right  optic  lobe.  This  new  kind  of  cross  an-angemcnt 
will,  in  a  Inter  chapter,  be  referred  to  in  detail,  since,  with 
slight  diflereuccs.  it  also  exists  in  other  Vertebrates,  and, 
moreover,  aeems  gradually  to  extend  to  other  parts  of 
the  nervous  system. 
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In  many  of  the  lower  Fishes  tbe  eyes  are  Tory  nidimen- 
Ury-  In  the  young  Lamprey  two  pigment  spots  replace 
the  single  '  eye  spot  *  of  the  Lancelot.  In  the  ^enus 
Myx-ino  the  eyes  are  represontcti  hy  smull  Iwdies,  which» 
though  in  connection  with  slender  optic  nerves,  are 
covered  over  by  muscle  as  well  as  by  skin.  The  ocnli 
muscles  for  moving  the  eyeball  are  absent  in  many  Fishes 
this  is  the  case  even  in  the  Gar-Pike,  in  which,  thoagh 


Flo.  W>. 


Kio.  n. 


Ftfl.  BO— Bmlnof  Pm-li,  ttppcr  mirfaee.  rOwrn  nftcr  Ciivier.)  n,  Crrcbellon  ; 
b,  optic  1«*tim ;  I*,  corehnil  lobef  ;  i,  altmetorf  fiuigUa ;  g,  ni«dullA ;  p,  n,  r,  »,  r.  er»- 
nlol  ncrv««. 

TiO.  M.— Bmln  of  Pirch,  uador  BHrfuco.  {Owon  after  CtiTler.)  «,  MtdiOk:^ 
byfonia  ;  /.  pItulUrr  body :  n,  aptlc  nerTci,  deciiMattug  ;  c,  carebnkl  lobu ;  i,  oXtac- 
lory  gSDgtfai  i  p,  9,  r,  *,  r,  cnuiiiil  Dvrras. 


snmll,  the  eyes  nrc  at  the  surface.  In  the  great  majority 
of  Fishes,  however,  these  organs  are  large  and  attain  a 
reraiirkablo  development. 

The  optic  lobes  are  asually  the  largest  divisions  of  the 
bruin  in  osseous  fishes,  ns  in  the  Perch  (fig.  50),  and 
they  arc  commonly  united  by  one  or  more  transverse  com- 
missures. Each  of  them  generally  contains  a  distinct 
cavity  or  '  ventricle/  and  they  oflon  Ix^ar  on  Ihoir  nnder 
surface    two    smaller   ganglionic   projections,    known   as 
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*  hypoaiia.*  These  bodies  are  well  developed  in  tlio 
Perch,  and  in  the  Cod  (figs.  51,  57).  Their  use  is  un- 
known, and  it  is  remarkaHe  that  they  are  structures 
peculiar  to  the  brain  of  FtHhes. 

In  connection  with  the  optic  lobes  there  arc  also  t^vo 
[}eculiar  Btrnctures,  one  above  and  the  other  below,  known 
as  the '  Pineal '  and  '  Pituitary  *  B<>lics  ffigs.  53,  a;  60,  a,  o ). 

In   front   of    the    optic    lobes    are    the    already   men- 


Fio.  Ql 


Ft'Ji.  W. 


58.— Bnibi  of  Carp.    (Fctrior,)    a,  Cervbral  l«bM  ;  ^  «ptio  lobai ;  c,  oenbd- 

ftn<l  moftiilliu 
I'lO.  23.— U]iiwriia[iect  uf  tlio  Bmlii  nf  n  Hny,  nr  tkiilti(ffriia  hrttia).     \,  OUiicior; 

i;  S,  Um  cfitijolued  cutebnU  loboK  ;  3,  Um  pineal  glMid  :  4,  optic  lobes;  S,  CCre- 
Uiitn  :  6,  mediiUtt,  with  gangliouic  prujcctlunN.     (Mlv.irt.) 

iioned  Cerebral  Lobes.  They,  like  the  cerebellum,  have 
no  obviouH  connection  with  uerveb,  and  vary  much  in 
siaso  in  different  Fishes,  though  they  are  mostly,  as  in  the 
Carp  (0^.  52)  and  the  Perch  (Qg.  50),  smaller  than  the 
optic  lobes. 

The  Cerebral  Lobes  are  smallest  iu  the  Lamprey  and 
its  allies,  in  the  Ilemug.  and  in  the  Cod ;  while  they  are 
most  deveJoped  iu  the  Skate,  tlie  Shark,  Polypierus, 
and  Lepidosiren.      In  the  Skate  (fig.  53),  they  coalesce 
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into  a  Boraewbat  flattened,  transversely  elongated  mass, 
showing  only  slight  itidicationa  of  a  median  fissure.  Iii 
the  Shark  (fig.  48)  they  also  unite  to  form  a  large  almost 
globular  mass  with  little  trace  of  a  median  furrow.  \ 
similar  fusion  of  the  two  lobes  occurs  in  some  other  Fishes, 
though  in  the  majority  they  exist  as  spheroids  united  only 
by  a  transverse  commissure.  In  Lepidosiren  tlie  cerebral 
hemispheres  arc  larger  than  all  the  rest  of  the  brain; 
each  of  them  also  contains  a  cavity  or  voutricle,  which  is 


Fic.  54. 

I 
f 


FlO.  &5. 


Fio.  M.-Bnfai  at  Lepidostcui  or  Qftr-Plke.  (Owen  )  k.  Olfactory  ipatgUtt ;  p, 
eertfand  lobes :  «,  optle  lobo> ;  e,  eerebellam ;  A,  modulU ;  /,  fourth  reutrichr ;  4, 
lower  boimdao'  of  modulla. 

na.  AS.— Bimln  of  tbc  WhUin^r.  (SoIIt,]  a,  OlAadorjgnnglia:  »,  oorvbnl  loibei; 
(^  apUo  lobw ;  X,  oarDbcUurii  niiU  medulW 

prolonged  into  the  olfactoi^  lobe.     In  these  respects  they 
closely  agree  with  the  cerebral  lobes  of  Reptiles. 

In  the  Gar-Pike  (fig.  54),  the  Perch,  the  Mackerel,  and 
many  other  Fishes,  two  additional  ganglia  known  as  the 
Olfactory  Lobes  lie  immediaU'ly  in  front  of  the  cerebral 
lobes,  and  each  of  them  receives  a  long  olfactory  nerve.  • 

*  The  Lancelot  haa  a  single  olfactory  rac  and  a  single  nerve;  in 
all  other  fishes,  exctfpt  in  the  Lamprey  uud  its  allies,  there  are  two 
norres  (see  Huxley,  "  Journ.  of  Linn.  Soc."  (Zool.),  vol.  xii.  p.  224). 
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But  in  such  Fishes  as  the  'Whiting  (fig.  55),  the  Carp 
(fig.  52),  the  Skuto  (tig.  631.  the  Shark  (fig.  48).  and 
others,  the  olfactory  gaiigha  are  situated  at  a  distance  from 
the  cerebral  lohes,  with  which  they  are  connected  only  by 
means  of  two  long  and  narrow  outgrowths  or  peduncles. 
In  these  latter  Fish  the  ganglia  are  to  be  found  close  to 
the  olfactory  organs,  from  which  they  receive  numerous 
short  nerves. 

8uch  arc  the  essential  parts  in  the  brain  of  the  Fish. 
Their  relative  size  or  development  ia,  however,  subject  to 
almost  countless  diversities  iu  different  genera. 

From  the  foregoing  description,  it  will  be  seen  that 
ona  of  tlie  principal  characteristics  of  the  Brain  of  Fishes 
is  to  be  found  in  the  serial  arrangement  of  its  parts»  in  a 
line  with  one  another  and  with  the  spinal  cord ;  whilst 
another  is  the  small  mass  of  the  tirain  as  compared  with 
that  of  the  Spinal  Cord,  and  still  more  iu  comparison 
with  the  mass  and  Meighc  of  the  cutii*e  body. 


^ 


In  the  former  respect,  at  least,  the  Brain  of  Amphibia 
(fig.  5G)  agrees  closely  with  that  of  Fishes,     The  principal 


Pia  M.— Umtii  luid  SpliiAl  Cord  of  Um  Prog^    a,  Olfiutory  AoheA  ;  D,  L-L-rubrtil  lubes; 
R,  pliUMl  bodj^ ;  c  aud  p.  optic  lobes ;  ft.  csnbaltutu  ;  ii,  cpUui]  cord. 


divisions  of  the  brain  also  in  these  animals  are  identically 
the  same.  The  Brain  of  the  Frog  is  notable  principally 
for  the  smaller  size  of  its  Cerebellum,  and  also  for  the 
diminished  bulk  of  its  Optic  Lobes  and  Olfactory  Ganglia. 
The  Cerebral  Lobes,  are,  therefore,  proportionately  large. 
The  Spinal  Cord  is  shorter  than  usual,  and  does  not 
occupy  the  whole  length  of  the  'spinal  canal.* 
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Though  the  Cerebellum 

imiiie<liaiely   connected 


itself  does  Dot 


ith 


appear 


f  nerves,  the  Med  alia 
Ubioii^ata,  irom  wuicu  mis  part  is  an  outgrowth,  is 
remarkahle  in  Fishes,  as  well  as  in  other  Tei-t<?brates,  for 
the  number  and  importance  of  the  nerves  with  which  it  is 
connected.  Indeed,  if  the  limits  of  the  Medulla  are 
taken  to  be  those  originally  de&ned  by  Willis  and  motit 
anatomists  anterior  to  Haller  (1762),  they  will  include  the 
'  crura  cerebri  * ;  and  in  that  case  all  the  Cranial  Nerves 
(that  is,  the  nerves  which  pass  inwards  or  outwards 
through  holes  in  ihc  cranium),  except  the  olfactory  and 
the  optic,  would  have  to  be  described  as  in  direct  con- 
nection with  the  medulla  oblongata. 

The  Cranial  Nerves  of  Fishes  and  of  Amphibia  are, 
with  few  exceptions,  similar  in  number  and  nature  to  those 
existing  throughout  the  vertebrate  series,  so  that  they  may 
with  advantage  be  here  enumerated.  According  to  tha 
classification  of  Willis  (1664),  which  is  generally  followed, 
they  are  said  to  consist  of  nine  pairs,  counting  from  before 
backwards.     {See  figs.  40,  57,  58.) 


rut 

:ira 


^ 


:{ 


4.th 


5th 


(>lh 


Pair,     Olfactory, 

n  U"if>r  ocvXi  «nmmK»)t>;  aopplying  all  but  two  of, 
the  maf^cles  of  the  eyeball  and  the  cireulaf^ 
fibres  of  tbe  iria. 
TroehlvnAit ;  stipplying  the  stiperior  obliqae  miiflete 
of  the  eye. 

r*Lnrge  root :  the  nerve  of  general  sen* 

Kibility  for  tbe  side  of  the  head* 

face,  &c 

Sroall   root:  snpplying  muscles  ooii»: 

ncctod   with  the  jaw  (mnacles 
^        maitication). 
3fv^or    <ieuli    t^xti^rnut ;     Bopplylng    the    external 
rectus  mnHcle  of  the  eyeball. 


TnQ''fn 


tnm^ 
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fAudiluty. 
F'x^inl;  aappljiiig  the  fluiwrBcial  imiaclca  of  the 
face,  &c 
rGUiSMO'phanju^ta^  (gustiitory  nerve  and  nerve  of 

commoM  senaribility  for  the  pharynx). 
I  I'a(/««,  or  Piicuiriogimfflc  (sensory  uerve  of  respi- 
Hth     „     (         ratory   organH,   hearb,  ultmentary  oanal,  livor. 
I         Itidneyt*.  &c 

I  .Sj'ifUiZ  acceumtrtf ;   supplying  the  muscles  of  the 
'^        larynx,  &c. 
9th     „       SnlliAifmil,  or  H>jpo'jUi»»id ;  motor  nerve  of  tongue 
and  of  musclea  which  move  it. 


From  tliis  table  it  will  be  seen  that  tliree  of  the  '  pairs ' 
cniuial  norves  (5lh,  7tli,  aud  8tb)  arc  corapoand  in  their 
mtiire.     Their  parts  have,   luorcoTCr,  little  in  common; 
^Bxct?pt  for  tlic  fact  that  the  components  of  eacli  so-called 
*  pair  '  in  man  and  many  of  the  lower  animals  pass  side  by 

Kide  throu^^h  the  Bamo  hole  in  the  skull.     This,  indeed, 
eenis   to   have  been  the  principal  reason  actuating  tbo 
earlier  anatomists  when   they  grouped   them  together.* 

tKo  cmnial  nerves  answering  to  the  9th  pair  exist  in 
Fishes :  their  functions  being  dischargc'd  by  branches 
jfirom  the  first  spinal  nerve.  The  motor  root  of  the  8tb, 
the  *  spinal  accessory,'  is  alHO  loss  distinct  as  a  separate 
nerve  in  Fishes  and  some  Reptiles,  than  it  is  in  higher 

rilebrates. 
Looked  at  from  the  point  of  view  of  the  functions  which 


^^' 
^h. 


•  Except  in  the  case  of  the  two  divisions  of  the  5th  nerve,  this 
onpiug  was  not  reflpocted  in  the  classification  of  ScRmmoriu^ 
77B).  According  to  him,  the  cranial  nervca  were  to  he  regarded  as 
elve  pairH,  the  first  six  agreeing  with  those  of  Willis,  whilst  the 
rial  is  called  the  7th,  the  auditory  the  8tb,  the  glosso-pharyngeul 

lie  0th,  the  rngns  the  10th,  the  spinal  accessory  the  11th,  and  the 

auUingual  the  l^Lb. 


I.  AtfiTe^  <^ 
Spcciol  Scrue, 


II.  Knreg  of 


IIL  Motor Xiiti'^s. 


\ 


Optic 
AnJitory. 
Gustatory 
j^  Large  root  of  5tb. 
T   Part  of  Glosso  phi 
I  Vngtis  {the  vUcera 
r  Motores   ooiiii  (3r 
pairs). 
Small  root  of  5th. 
Farial  nerve. 
Spina]  aiTesBory. 
yulilioguul  or  Hyp 

Taking  tlie  larger  view  Leld  bj  WiJlis  uud 

the  limits  of  the  Medulla  Oblongata,  and  ia 

this  name  all  those  parts 

with  the  excejttion  of  th< 

posterior  to  the  optic   io 

the  several  pairs  of  trae  c 

(from  3nl  to  9tb  inclusive) 

on  each  side,  and  for  the 

the  order  of  their  numerat 

issning  from  it  close  to  thi 

and  the  9th  close  to  the  jai 

cJ^°-  i;j.r  ««:::•    '"*'^»"''  ^i'^  tie  spinal  CO 
(ow«».)p.ccfrt>r»ii..i«;    reservation  that  in  Fishes  1 

b.  opUelubM;«.  briKM.     «.l«^  o»i.    ....'^  ..      , 
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namber  of  fishes  become  swolleu  into  ilisliact  i^auglia  at 
their  point  of  junction  with  the  Medulla,  and  in  some — 
such  »s  the  Carp,  the  Torpedo,  the  Klectriu  Eel,  and  the 
Skate — these  lateral  ganglia*  situated  at  the  side  of  the 
ceroholhim,  are  exceptioualljt'  lar;;e.  The  Glosso-pliJiryn- 
^eal  is  in  roahty  only  a  lar^e  separate  branch  of  the 
vaj^g.  In  some  fishes  it  joins  one  of  the  roots  of  the 
vagus;  and,  even  where  this  external  junction  does  not 
exist,  an  internal  union  is  effected  by  the  smaller  nerve 
entering  the  nucleus  of  liie  larger  one. 

A  little  anterior  to  tlte  ganglia  of  the  Vagi,  large 
swellings  arc  also  frequently  met  with  in  connection  with 
the  roots  of  tho  Trigeminal  nerves  (fig.  10),  which  in 
fishes  are  mostly  very  large,  and  have  an  extensive  dis- 
tribution even  beyond  the  region  of  tho  head.  Tho 
remaining  sensory  nerves  of  the  medalln — the  Auditory — 
are  attached  to  it  by  two  or  tliree  roots,  between  the  vagi 
and  the  5th  nerves.  ThcHO  nerves  are  large,  though  it 
is  only  rarely  that  a  distinct  ganglionic  swelling  is  found 
at  their  point  of  junction  with  tlie  medulla  (fig.  11),  Tho 
ganglia  are  usually  embedded  in  the  Medulla  itself,  and 
some  of  its  roots  soon  join  another  large  ganglion : 
viz.,  the  Ceiebcilum.  This  apparent  connection  of  the 
auditory  nerves  with  the  great  motor  ganglion  in  Verte- 
brates, whatever  its  explanation  may  be,  is  quite  in  har- 
mony with  the  close  relation  of  the  *  auditory  saccules  ' 
and  nerves  to  the  pedal  ganglia  in  Mollusks,  and  with 
their  relation  to  the  most  active  motorial  centres  of  the 
ventral  cord  in  those  Insects  (such  as  Locusts  and  Grass- 
hoppers) in  which  the  BO*called  'auditory  saccules  '  have 
been  positively  detectpd.* 

^  The  Organs  of  Hearing  in  Fiabos  aro  ulway»  double,  aa  in 
iuvcrtebrutti  animals.  They  are,  moreover,  eituated  within  the 
body,  and  mosUy  havo  no  coanection  with  its  ourface.     Sometimes 
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The  ganglia  at  the  rooU  of  the  Olfactory  ood  Optlo 
nerves  are  sufficiently  obvious  And  remarkable,  bo  thalj 
DO  further  reference  need  here  be  made  to  them,  exce] 
to  point  out  that  they,  together  with  the  ganglia  at  the 
roots  of  the  Tri^reminus  and  Vogns,  undergo  a  propor- 
tionate diminution  in  size  ns  tlie  Cerebral  Lobes  become, 
better  developed,  among  Reptiles  and  Birds — changed 
which  scorn  to  imply  that  functions  previously  discharges 
by  lower  seuHory  ganglia  are  gradually  passed  on  and*^ 
merged  as  products  of  u  higher  oi-dcr  of  cerebral  activity, 
•when  such  higher  co-ordinating  centres  arise  and  com* 
into  fuller  action. 

The  ganglia  at  the  roots  of  the  Auditory  uervce,  bow- 
ever,  do  not  seem  to  attain  their  maximum  size  till  we 
come  to  Reptiles,  a  fact  which  may  be  accounted  for  by 
the  probably  rudimentary  state  of  this  sense  endowment 
among  Pishes. 

It  will  be  found,  therefore,  to  be  a  peculiarity  of 
Sensory  Nerves  in  vertebrate  animals  that  their  fibres  pasaj 
through  such  Ganglia  before  they  impinge  upon  the  grei 
nerve  centres — a  fact  originally  noticed  by  Sir  Charle*' 
Bell.     No  corroBjjonding  gnngha  exist  in  connection  loth 
motor  nerves,  outside  the  anterior  cornun  of  the  spinal  oord«j 


they  are  lodged  ontAide  the  cratiitil  cavity.  sometimeB  in  the  walli 
of  the  cmnitim,  and  sometiiues  half  within  and  hult  ont&ide  this 
cavity.  Tlioir  etructnre  is  extremely  sinipb,  and  in  some  fisbea 
they  are  only  a  very  little  more  complex  than  the  'auditory 
eacciileti '  met  with  in  the  Cuttle-fiuh.  In  the  fact  that  in 
Fishpfl,  as  in  other  vortehnitra,  the  nnditory  organs  are  alwnyt 
(situated  in  the  head,  wo  have  a  dcpartnre  from  tlic  rale  so  commonly 
obtaining  among  InvertGhratcB.  Perhaps^  in  its  simplest  forms, 
this  appamtnB  may  have  as  much  to  do  with  the  organism 'a  Space 
relations  as  with  Hearing  (see  p  218). 
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THK    DnATX    OF    RKI*TILE9    AND   OF    BITID8. 


TnK  nervous  system  of  Reptiles  gentjr:illy  exists  in  a 
slif^htly  mure  developed  form  than  Mint  wliit-li  is  commou 
Rrnongsl  FiHheR. 

The  Spinal  Cord  occupies  the  wliolo  length  of  the 
spinal  canal.  It  ib  slender  and  almost  uniform  in  thick- 
ness in  Serpents,  thou;L;h  it  is  relativoly  slouter  in  Croco- 
diles und  their  allies.  In  the  latter  it  also  presents 
decided  Hwellinga  in  those  regions  whence  the  nerves  aro 
given  off,  on  each  side,  for  the  fore  and  hind  limbs. 

The  principal  divisions  of  the  Bniin  are  tho  same  in  all 
kinds  of  R<iptile3,  though,  as  miglit  have  been  expected  from 
the  varied  form  and  nature  of  the  different  repreBeniatives 
of  tlua  great  chisa,  the  renpective  development  of  the 
several  divisions  of  the  organ  varies  much  in  different 
orders. 

The  Medulla  Oblongata,  directly  continuous  with  the 
Bpinal  cord,  slightly  widens  at  its  upper  part,  where  it  is 
Burniouuled  by  the  Cerebellum.  This  latter  structure,  in 
the  Lizard  (fig.  59)  mid  its  allies,  is  very  small,  consisting 
only  of  a  thin  lamella.  Tho  cerebellum  is  larger,  how- 
ever, among  Serpents  (fig.  58),  and  it  becomes  still  more 
developed  in  Turtles  (fig.  61)  ond  Crocodiles. 

The  Optic  Lobes  are  relatively  smaller  in  most  ReptiloR 
tan  they  ai*o  among  Fislics  ;  and  in  the  Boa  Constrictor 
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thej  show  a  Iransverac  fissure  wLicli  diviJos  the  two  bodies 
into  four  parts,  correspondiug  to  tbo '  corpora  quadrigemina* 


Vio.  n.— Drotn  Bud  Cnuilitl  N'l  i  tur.     Rymcr  JntMs.  ftflerttmil  ) 

S,  Con'rml  lobot ;  b,  optic  l<il>ea  wUh  tr.tnnriir»u  livltfoMliUl  :  r,  cstvIhsTIUDi  ;  4,  IDCni*' 
bnuwofthfl  nr.se;  l,  nlfatitfrry  nerve:  '2.  optic  norvo ;  8.  thinS.  iT  cotnmdn  oeuk^ 
DiUKiibr  Dorru ;  i,  ftmrtli.  nr  tn>cbloAr  aorro  to  tliu  HUficrfnr  u*>li<vio  rouada  of  tif 
r^o  :  5,  Bnt  ln.nk  of  tbo  flfth  :  ri.  Ao  fond  trunk  r*r  the  ftfth  :  7.  ili>rrl  Inmk  <A  tbt 
fifth  ;  6,  bsrrl  pnrtloaof  tlio  WT-cntb  nerve;  0,  aiKliUiry  norvo  ;  in,  glii«o-pkiu7ilS*<^ 
Dcrre :  II.  trunk  of  the  rnjpt"  nerro:  I'J,  ninth  norvv.  The  Iib"t  thrve  iiotm  an 
Intlnutfllj  oounecled  wtlh  ano  luioibor,  aud  wllb  I'A,  ft  ftfinpyUiuUc  g;iiiigUun 
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of  higher  Ycrlebratoa  (fig.  58,  b).  Between  Iho  optic 
lobes  aud  the  next  (^reiit  tlivisiuu  of  the  brain,  the 
cert'brul  lobes,  we  find  the  so-called  *  pineal  body '  (lig, 
61,  J),  projecting  upwards,  and  in  a  more  do\<^loped  form 
than  that  which  is  met  with  in  rishes.  The  nature  and 
usea  of  this  body  arc  wholly  unknown.  It  iK  chiefly 
Dotorioos  from  the  fact  that  Do  cartes  pointed  to  the 
corresponding  Btnicturc  in  the  human  brain  as  the  "  seat 
of  the  Soul.*' 

The  Cerebral  Lobes  in  the  Lizard  (tig.  HO)  and  its  allieB, 
as  well  as  in  Amphibia,  are,  in  comparison   with  other 
parts  of  the  brain,  much  larger  than   in 
Fishes.     This  is  due  only  in  part  to  an 
absolute  increase  in  their  development,  as 
there  seems  to  be  some  diminution  in  tho 
size  of  the  olfactory  and  optic  lobes  and  the 
cerebellum.    In  Serpents,  Crocodiles,  Tur- 
tles (fig.  61),  and  tlieir  allies,  however,  we 
meet  with  a  decided  absolute  increase  in  the 
she  of  the  cerebral  lobes.     In  Crocodiles, 
for  instance,    ihvy   are   much  hirger  aud 
broader  than  other  parts   of   the   brain, 
though  their  surface  is  still  quite  smooth. 
Each  lobe  contains  a  cavity  or  '  ventricle  ' 
in  its  interior,  as  in  some  of  the  higher 
Fishes.     Bat  in  Rt^ptiles  th 
larger,  aud,  projecling    from    its    anterior    (Owen.> 
and  inner  surface  there  is  a  rounded  emi- 
nence, supposed  by  some  anatomists  to  represent  a  body  of 
:onsideruble  importance — which  is  known  amongst  higher 

;rtebrates  as  tlie  *  Corpus  Striatum  *  or  striate  body. 

Each  Cerebral  Lobe  is  connected  with  its  coiTesponding 
optic  lube  aud  wilh  the  same  half  of  the  medullu  oblongata, 
by  means  of  a  thick  and  composite  prolongation  called  the 


Fm.  M>.— Brftin  of 
t.l«»rd  (iciMrftj  %/iri- 
WwJ.  «,  Cvrebntl 
famnbiphereii ;  b,  o|i< 

ttc  hAj€»  ;  c,  iMrniliul- 
Itim;  ('.»«i>liiiUcord : 
t,  fuiirlh  vpntriule ; 

c  ventricfe  is  -^-  i'*'***'  ^^J-  i/. 

nifiictiiry       gunglU. 
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'  cerebral  pedancle/  On  the  upper  scd  inner  part  of  each 
of  these  composite  pedancles,  jast  anterior  to  the  optic 
lobes,  there  is  a  Huiall  projection,  supposed  to  answer  to 
another  rerv  important  g;inglionic  body,  which,  in  higher 
vertebrates,  ia  known  as  the  •  Thalamus.'  As  to  the 
identity  of  these  bodies,  however,  some  difference  of 
opinion  exists.  Thev,  together  wilh  the  inner  faces  of 
the  peduncles  on  which  they  are  sitnated,  eonstilato  the 
lateral  boundaries  of  another  brain  cavity,  kuonn  as  the 
*  third  ventricle,'  which  is  mostly  covered  over  above,  by 
the  backward  extension  of  the  cerebral  lobes, 

A  band  of  tibres,  termed  the  *  anterior  commissure/ 
which  connects  certain  regions  of  the  two  cerebral  lobes — 
hereafter  to  be  specified — arches  across  the  anterior  part 


Fig.  M.-Vertleal  UngltisaiBiaSecUanorUie!b«laorperch.  Oflnrt.)  l.OUav 
lorylobe;  S,  eeirbnd  lobe;  «,  pitwAl  hodf.  *,  oftit  loto,  witb  UnrBCftTlty wltbla; 
ft.  cerobeUam ;  8.  |ll^tlUry  body ;  7.  hyiKMriiim. 

of  this  Third  Ventricle  ;  whilHt  the  upper  strata  of  the  two 
cerebral  pcdnncles  ai*e  connected  by  means  of  a  smaller 
'  posterior  commissure/  crossing  the  posterior  boundary  of 
this  ventricle,  just  in  front  of  the  optic  lobes.  The 
peduncles  or  attachments  of  the  before-mentioned  'pineal 
body '  fie  structural  relation  with  the  posterior  com- 
mlKsurc. 

The  Third  Ventricle  is  continnons  below  with  a  funnel- 
like  prolongation,  at  the  extremity  of  which  is  a  stnictnre 
named  the  'pituitary  body,'  not  altofjether  unlike  the 
'pineal  i>ody,'  and  whoHc  use  is  similariy  unknown. 
Though  present  in  FiahcH  and  higher  Vert^brata,  the 
pituitary  l>ody  is  espcciully  largo  in  many  Iteptiles. 
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The  Olfactory  Lobes   hare,  throughout  the  class  of 

"Reptiles,  a  sraaller  proportionate  size  than  iu  Fishes.     In 

Serpents   (fig.  68)  and  Crotoililes  they 

are  situated,  aa  in  some  of  the  last-named 

creatures,  at  a  distance  from  the  cerebral 

lobes — being  connected    with   them  by 

long  peduncles.     In  Lizards  and  their 

Allies  the   olfactory  lobes   are   more  or 

less  continuous  with  the  cerebral  lobes 

(fig.  59) ;  whiie  in  the  Turtle  and  other 

CbcloniaiiK,  they  are   marked    oil'  from 

the  anterior  extremities  of  the  cerebral 

hemispheres  only  by  a  slight  constriction 
ig,  61,  A),  and  each  olfactory  lol)e  in 
inetrated  by  a  prolouf^atiun   from   the 

corresponding  cerebral  *  ventricle.'  '^^^ MS\ 

With  re^'ard  to  the  Cranial  Nerves 

of  Reptiles,  it  may  be  remarked  that  the 

Tngemiuus  and  the  Vaj^us  (or  visceral 

nerve)  are  still  very  large,  but  neither  of 
^_^em  swell  at  their  roots  into  such  dis- 
^Hfict  ganglia  as  in  Fishes.  The  Glosso- 
^Biiaryngenl,  or  nor\'o  of  taste,  joins  the 
^^ntcrual  nucleus  of  theVngns  in  -\mphi- 

bia,  thongh  in  Serpents  and  higher  Rep- 
tiles it  has  a  nucleus  of  its  own,  distinct 

from  that  of  the  latt^jr.     The  Auditory 

nerves  are  large,  and  in  Turtles,  Croco- 
diles,  and  their  allies,  they  swell  into 

distinct  ganglionic  enlargements  at  the 

buck  of  the  medulla,  on  each  side  of  the 
ir  of  the  *  fourth  ventricle,' 


Kir,.  Ill  -  Unduuf  Tur 
Uo.  side  view.    (SiiUy.j 

A,  01£iu.'tury   kildkIUiii  ; 

B,  eercbnU  houUithMni ; 
<-.  nptlc  {pinfEllon  ;  I,  f  o> 
rebvUum :  (•.  ifftngaoDat 
nmt   of  v.iitus  nervo;  j. 

The   brain  of   Reptiles,  like   that   of '^''^'^''^^J' 

ihea,   is  still  characterized  by  the  arrangement  of  its 


180 


THE    BRAIN   OP   RUPTILKS 


several  parts  and  the  spinul  cord  ia  the  aame  horizontal 
plane,  and  by  the  small  size  of  the  Brain  as  compared  with 
the  hitler  structure.  Still,  the  brain  is  more  nearly  eqntit 
in  weight  to  the  cord  tlian  it  is  in  Fishes,  and  it  stso 
bearS|  in  the  majority  of  Reptiles,  a  greater  proportion  to 
the  total  body-weight. 


But  in  Birds  we  find  the  Brain  attaining  a  notably 
greater  size  in  proportion  to  the  bulk  of  the  Spinal  Cord 
than  it  has  among  Reptiles,  and  also  presenting  other 
signs  of  incroasod  development. 

According  to  Leuret,  the  average  proportional  weight 
the  brain  to  the  body  in  the  four  undermentioned  classc 
as  deduced  from  numerous  observations  on  diffcre 
representatives  of  each,  may  be  stated  to  be  as  follows  : 


4 

4 


In  Timts a«  1  to  5,668 

Id  HcrriLZB as  1  to  l,3tJl 


In  Birds as  I  to  212 

In  Mamm\ua....  oh  1  to  183 


These  figures  must,  of  course,  be  regarded  merely  as 
approximate  averages. 

No  pecolioi'ity  worthy  of  note  exists  in  the  Spinal  Cord 
of  Birds,  except  that  in  the  situation  of  its  posterior 
enlargement,  corresponding  with  the  attachment  of  the 
great  nerves  of  the  legs,  the  posterior  columns  of  the 
cord  diverge  from  one  another,  and  shortly  again  appro^- 
mate  bo  as  to  form  a  space,  known  as  the  '  rhomboidal 
sinus/  This,  however,  is  an  anatomical  peculiarity  to 
which  no  physiological  significance  is  attached. 

The  MeduUa  Oblongata,  from  the  btick  of  which  the 
cerebellum  is  developed,  is,  in  Birds,  decidedly  broader 
than  the  spinal  cord.  As  in  lower  vertebrates,  the  diver- 
gence of  the  upper  or  posterior  columns  of  the  cord 
leaves  at  the  corresponding  surface  of  the  mcdulU  the 
8])ace  known  as  the  '  fourth  ventricle/  which  becomes  much 
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more  completely  roofed  over  tban  it  is  in  Fishes  or  Rep- 
tiles, by  the  undi.'r  surface  of  the  now  larf;er  cerebellum 
(tig.  C4).  The  Auditory  nerves  arise  from  about  the  middle 
of  the  floor  of  tliB  fourth  ventricle,  where,  as  in  some 
Reptiles,  they  are  connected  with  a  distinct  ganglionic  emi- 
nence on  each  side  of  the  middle  line.  The  Trigeminus 
is  always  large,  and  e^tceeds  all  the  other  cranial  nerves  in 
size,  with  the  exception  of  the  Optic. 

The  Cerebellum  is  much  larger  than  we  have  hitheHo 
met  with  it — with  the   single  exception  of   that  of   the 


Fia.  c^. 


Fto.  09. 


Fio.  W. 


Fig.  62.  —  Ur.tUi  u(  ri^fcitQ.  (Forrlcr.)  a,  CvrobnU  hciuiapliorca  ^  B,  optk  lobe; 
C,  ctTolfuUuut  with  tranRVLTR!  furrow*  aihI  vcrj  niudl  Uttiral  lobc«. 

Pio.  Ail.— Uniln  and  [i^rt  of  Spinal  ConJ  uf  L'likk  IQ  day*  old.  fihewiDg  Mm  optto 
lub««  ('')  mUli  ill  ciinl.u:b — Ht  Uicir  iuuvr  buniont.     (Ownu,  iiftcr  Aiidumrm.) 

Via.  OC— Drain  and  part  vt  Spitul  Cmvl  of  t'hick,  9)  dAfs  oU.  aliuwlnf^  tho  nptie 
k>b«t  <6)  Qiiw  widely  M)FAmi<id,  and.  osrelieUutu  (c]  gnxtly  dovelopud.  (Oweo, 
after  Audcmoti.) 


Shark.  It  now  consists  of  a  more  or  less  ovoid  median 
lobe  (deeply  scored  by  transverse  fuiTOWs),  and  of  two 
mnch  smaller  lateral  portions,  which  project  slightly  be- 
hind the  optic  lobes  (fig.  62,  c), 

Tliese  Optic  Lobes  are  pnslied  aside  and  depressed  so 
that  they  are  partly  covered  by  the  large  cerebral  hemi- 
spheres (figs.  C8,  (il).     In  form  they  are  rounded  bodies, 
lowing  DO  trace  of  a  tnmsvcrse  division.      Each  contains 
cavity,  opening  below  and   internally  into  a   subjacent 
passage  or  canal,  which  serves  to  connect  the  fourth  with 


tfe  bram,  witli  vUdi  (u  m  fiepCiks)  tte  pf<hrfM^w  of 
Ae  'pnfBl  iodtf  *«e  ?«■«■  tmil — a  tftmctara  aoowlaMB 
■MBtapn^iatbelmu  of  Biids  WtvMB  tbi  ccnfccBl 
snd  the  eerpbellam.     A  little  im  front  of  tkis 

on  tfce  nppcr  od  ibbct   wpeet   of  «idi   «a«liff«I 

it  is,  OB  the  portioQ  vLkh  eoiiitimtee  peri 
ci  ihm  leliiil  boanJaij  of  the  thifd  Tenttide.  A  snnilsr 
yrqjcdm  hee  been  fnmamafy  ellniM  lo  e«  Ofxwmwg 
is  ■one  Bepiilee,  end  it  is  soppoeed  to 
with  the  itopoileBt  lUutUies  termed  the  ' 
of  s  Msmnud's  breio.  The  eoterior  peri  a£  the  floor  of 
the  third  T«r&tmle  still  ccmmonieetee,  bj  e  short  hoUov 
podanele^  «ith  the  peeolier  '  pitmterj  bodj ' — e 
which,  io  Birds  (fi^.  65,  *)  is  proportionstelj 
Telopid  Ibsa  io  Reptiles  and  Fishes  (6g.  60,  «)« 
The  Oerebnl  Lobes  sre  large  and  more  or  kos 
thoogh  they  are  flattened  at  thtdr  iooer  £ieea,  vhere 
eoDe  into  eootaci  with  ooe  aDother  (&g.  65).  These  all- 
importaat  dirUions  of  the  brain  are  smooth  and  still 
devoid  of  eoDTolations;  jet  in  some  birds  there  are  traoei 
of  a  dtpnmton,  aoswenng  to  s  weli-marke<i  fissure  (the 
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'  sylvian ')  always  recoiomizaljle  in  the  brain  of  higher 
Mammals.  The  cavity  within  each  of  the  cerebral  lobes — 
answeriog  to  the  *  lateral  ventricles  '  of  the  human  brain* 
— is  comparatively  large,  and  projecting  from  the  auterior 
and  external  part  of  the  floor  of  each  of  them,  there  ia 
an  eminence  generally  aJniilteJ  to  correspond  to  the 
*  Corpus  Striatum '  in  the  brain  of  Man  and  Mammals 
generally.  The  inner  walla  of  the  lateral  ventricles  ara 
tliin,  and  almost  in  contact  with  one  another.  They  con- 
atituto  the  inner  boundaries  of  the  cerebral  lobes. 


FiQ.  55. 


I.  44.— Bnln  tif  Common  Fowl  ta  adult  oonditiun.    (Spurahoini.)    <,  Optic  lobot 
iptkit  hi<l<l«D  by  .'•)  oviTural  heoiUiihcraB. 

Fic.  W..— ItnalD  of  E'ttfiHin.  ildo  view.    (Wvwt  >     1.  Olfaotot?  lube.  2.  cer^nl 
■pboiv ;  3.  plotfiJ  budy  .  4,  optic  IuImi  ;  6,  oen^tlum  ,  0,  [litulUry  body  ;  8,  opUo 
uerre. 


^ 


These  lobes  are  blructurallv  connected,  as  in  Reptiles 
d  Fishes,  by  a  well-marked  •  auterior  commissure,' 
while  above  and  behind  it  there  exists  another  set  of  con- 
nectinjj  fibres,  deemed  by  some  anatomists  to  represent 
the  commencement  of  the '  Corpus  Cailosum.'  This  latter 
is  the  great  transverse  commissure  which  unites  the  two 
Ives  of  the  braiu,  and  whose  size  increa^fcs  as  we  pass 
im  lower  to  hij^her  orders  of  the  Mammalian  series. 


♦  Tliese  are  tbe  tirat  and  ftecoiiJ  ventncles.  The  third  is 
lated  hetnreen  tbt)  cerebral  peduncles,  the  fourth  at  the  back 
the  medulla,  and    the  fit'tli  ventricle  will  be  sabseqaeatly  re- 

:red  to  lu  the  description  of  the  bruiu  of  Qnudrupeda. 
7 
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The  Olfactory  Lobes,  cumpai'atively  Eiiiall  iu  size,  are 
found  io  front  of,  and  partly  beneatli,  the  cerebral  lobes 
(fig.  66,  i).  They  are  true  outgrowths  from  the  cerebral 
lobes,  and  the  cavity  within  each  of  them  is  continuous 
through  its  peduncle  with  that  of  the  corresponding 
ventricle.  Each  '  lateral  ventricle  '  is,  in  fact,  prolonged 
into  the  olfactory  ganglion  of  the  same  side. 

Looking  to  the  general  characteristics  of  the  Brain  in 
Birds,  we  find  that  the  Cerebral  Lobes  and  the  Cerebellum 
have  attained  a  much  greater  development  than  is  to  bo 
met  with  among  Fishes  and  Rep- 
tiles ;  while  the  relatively  smaller 
<.>ptic  LoLos  are  disphiced  down- 
wards and  outwards,  as  thongh 
from  the  pusliiug  forwards  of  the 
cerebeUum,  The  several  parts  of 
the  Brain  are  no  longer  in  Berial 
order,  and  in  the  same  horizontal 
plane  with  the  Spinal  Cord.  The 
greatly  increased  weight  of  the 
organ  as  a  whole,  in  comparison 
with  that  of  the  cord  and  of  the 
entire  body,  are  also  seen  to  be 
marked  features,  distinguishing  the 
Biniu  in  Birds  from  that  of  lower  Vertebrates. 


1 


Fin.  ST.— Brain  t>t  Bea  Qiill 
(Ow«n.  after  Andorwu.)  m,  Cutb- 
br«lb«tiUi)iborM ;  6,aptio  loboi; 
0,  oervticHiiin  ;  H,  iiptiul  cord. 


The  Visceral  Nervous  System  In  Lower  Verte- 
brates.— As  an  addition  to  this  account  of  the  Cercbro- 
Hpinal  Axis  in  Fishes,  Amphibia.  Reptiles,  and  Birds^ 
a  word  or  two  may  here  be  appropriately  said  in  regard 
to  the  Visceral  System  of  Nerves  met  with  in  these 
animals. 

We  saw  reason   to  believe  <p.   110)   that  impressions 
emanating  from  the  Viscera  constitute  an  important  part 
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of  the  general  stock  of  aHereut  impresfiions  which  aroase 
the  brain  activity  and  mental  lifo,  such  as  it  is,  of  luver- 
tcbrate  animals ;  and  that  such  imprcBsious  furnish  the 
iutornal  promptings  or  stimuli  inciting  these  animals  to 
not  a  few  of  the  acts  and  movements  they  are  accustomed 
to  perform. 

No  excuse,  therefore,  is  needed  for  what  might  at  first 
sight  seem  a  departure  from  our  proper  subject,  in  taking 
account  of  this  visceral  portion  of  the  Nervous  System. 
AH  the  avenues  whence  impressions  come  to  the  supreme 
centres,  must,  in  fact,  be  considered  by  any  one  who 
■would  properly  understand  the  real  share  of  the  work 
which  the  Brain  takes  as  an  Organ  of  Mind, 

The  Visceral  System  of  Nerves  in  Fishes,  as  in  other 
Vertebrates,  is  divisible  into  two  main  parts,  which,  nevor- 
theless,  are,  to  a  great  extent,  distributed  tngcUicr  and  to 
the  same  organs.  There  is,  in  the  first  place,  a  set  of 
Cerebral  Systemic  Nerves,  represented  by  the  Glosso- 
pharyngeal and  the  Vu^jjiis  or  Pnenmogastric — and  these 
seem  to  be  almost  wholly  afferent  nerves  conveying  im- 
pressions from  the  Viscera  to  the  Medulla.  Secondly, 
there  la  the  *  Sympathetic  System  *  of  Nerves,  which, 
though  to  a  certain  extent  an  independent  system,  is 
also  closely  related  to  the  Cercbro-Spiual  Axis,  by 
means  of  free  intercommunications  passing  between  the 
*  sympathetic'  ganglia,  and  the  anterior  spinal  nerves 
as  well  as  most  of  those  which  are  attached  to  the 
medulla. 

In    thia   latter   system  there  are  afferent  and  efferent 

ibres    passing    between    the   Visc^^ra    and    the    several 

sympathetic  ganglia  *  with  which  they  are   in  relation ; 

while    these    ganglia   are,   in   their  turn,  connected  by 

afferent  and  efferent  fibres  with  the  cerebro- spinal  axis, 

in  the  manner  above  indicated.     Though  there  may  be, 
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and  probably  is,  a  considerable  amount  of  iudependent 
activity  on  the  part  of  tho  *  Sympathetic  System,'  the  action 
of  its  several  parts  is  also  subject  to  the  controlling  and 
regulating  intiuence  of  certain  cerebro- spinal  ceutros,  with 
which  they  are  connected  in  the  manner  above  referred  to. 

In  the  Suctoi-ial  Fishes  and  the  Lcpidosiren,  tho  *  Sym- 
pathetic System '  is  said  not  to  exist,  though  the  Cerebral 
Systemic  Nerves  are  large  and  widely  distributed  over  the 
viscera.  In  the  Sharks  and  Hays,  also,  this  system  is  ill- 
developed,  but  in  the  majority  of  osseous  Fishes  it  consists 
of  a  cord  on  each  side  of  the  spine,  forming  connections 
with  the  cerebral  and  spinal  nerves,  and  in  some  of  these 
situations  developing  small  ganglia  and  sending  off 
brandies  towords  the  viscera,  which  unite  with  others 
from  the  Vagus  nerve,  so  as  to  form  large  median  '  plex- 
nses,'  or  *  plexuses '  and  ganglia,  whence  multitudes  of 
fibres  arc  distributed  to  the  different  internal  orgaus. 
Many  differences  of  detail  occur  in  ditlerent  Fishes, 

In  Reptiles,  also,  there  are  various  miuor  modifications; 
but,  on  the  whole,  the  connections  of  the  *  Sympathetio 
System  '  with  spinal  nerves  are  more  developed  in  these 
animals,  and  the  Ganglia  at  such  points  of  junction  are 
more  numerous  and  distinct.  In  Birds  the  distribution 
of  the  Visceral  System  of  Nerves  also,  in  tho  main,  tends 
to  approximate  pretty  closely  to  the  general  plan  above 
indicated,  which  will  bo  described  in  further  detail  when 
we  come  to  speak  of  its  more  complex  development  among 
higher  Vertebrates. 

By  means,  therefore,  of  this  double  set  of  Visceral 
Nerves,  the  internal  organs  are  brought  into  close  relation 
with  one  another,  as  well  as  with  the  Spinal  Cord  and 
with  tlie  Brain. 

We  are  not  fairly  entitled  to  measure  the  intensity 
of  the  systemic  impressions  of  a  Fish,  a  Reptile^  or  a 
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Bird,  by  that  of  those  with  which  we  are  ourselTea  familiar. 
In  such  animals  many  visceral  impreHsions  may  be 
decidedly  attended  by  more  of  conscious  accompaniment 
than  those  which  we  experience,  and  they  may  enter  in  a 
much  larger  proportion  into  the  web  of  sensory  impressions 
constituting  the  basis  of  the  couscinus  life  of  such  creatures. 
Professor  Owen  truly  Rays  of  Fishes  that,  *'  the  appetito 
for  fowl  appears  to  he  tlicir  predominant  desire,  aud  pro- 
viding for  its  gratification  to  form  their  chief  occupation." 
Certain  it  ia,  that  when  prompted  by  different  visceral 
states,  animnis  may  show  an  extraordinary  amount  of 
sensorial  activity  and  power  of  executing'  related  uiuseiilar 
movenieuts.  The  sensorial  endowments  of  the  Shark, 
of  the  Python,  or  of  the  Vulture,  are,  when  these 
creatures  are  under  the  influence  of  hunger,  exalted  to 
the  highest  degree  ;  so  that  at  such  times  either  of  them 
may  become  keenly  sensitive  to  odours,  sounds  or  sights 
which,  had  they  been  in  a  state  of  satiety,  might  have 
passed  wholly  unheeded.  Similar  differences  also  exist 
between  the  degree  of  sensorial  activity  of  animals 
swayed  by  sexual  desires,  and  those  in  whom  such  feelings 
are  quiescent.  These  two  classes  of  visceral  promptings 
largely  instigate  and  dominate  the  brain  activity  of  all 
lower  animals,  and  when  the  related  needs  or  desires 
no  longer  exist,  and  no  longer  rouse  the  creature's  senso- 
rial activity,  hleep  is  apt  to  come,  as  with  a  veil,  and  sever 
for  a  time  the  correspondence  between  the  organism  and 
the  outer  world. 


CHAPTER  X. 


THE  soopB  or  mxD. 


MccH  needless  confusion  is  ofteu  throvna  over  Ibe 
BLady  of  mental  phcuonicDa  by  the  mode  in  H'hich  tLo^ 
subject  ia  regarded,  and  by  the  phraseology  in  coxnm< 
UHe.  It  is  customary  to  speak  of  *  the  Mind,*  ua  thonj 
it  were  a  sometULiig  having  an  actual  independent  exist*^ 
enc© — an  entity,  that  Is^  of  *  spirilnal  '  or  uncorporeal 
nature.  Consequently  we  find,  spread  abroad  in  all 
directions,  definitions  of  Mind  and  deaoriptions  of  tbo 
powers  of  Mind  which,  to  aay  the  least,  carry  with  them 
implications  of  a  decidedly  misleading  chanicter. 

It  is  the  common  and  almost  inevitable  practice  oi 
Bubstitutiug  some  abstract  wonl  for  a  more  cumbersome 
phrase  or  statement,  which  tends  to  keep  up  the  notion 
a  distinct  psychical  entity.  Thus  the  word  *  Mind '  is3 
generally  used  as  a  collective  desiguation  for  the  subjoctivo 
states  which  reveal  thempclvea  to  each  one  uf  us  in  con^ 
fcciousness,  and  which  we  infer  to  exist  in  other  beinj 
like  ourselves.  But  the  genesis  and  real  legitimate  mean- 
ing of  such  a  term  is  only  too  fre«|nently  forgotten  by 
some  writers,  whilbt,  by  others,  it  bus  never  l»een  clearly 
apprehended ;  as  a  consequence,  the  word  '  Mind  *  comes 
to  be  U8f<d  most  frcqnt'Utly,  not  as  a  general  nbstrnct 
name  answering  to  no  independent  reality,  but  as  though 
it  corresponded  to  a  real  and  positire  something.  oxisLing 
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of  aud  by  itself.  A  Biiuiltir  popular  fallucy  attacliCB  to 
the  common  acceptHtiou  of  the  word  '  Life.*  To  many 
this  ttluo  is  tho  uamc  of  an  entity,  though,  in  reality,  it 
is  only  a  more  general  abstraction,  including  under  it  the 
one  with  which  we  are  now  concerned. 

Tho  term  *  Mind/  indeed,  no  more  correapouda  to  a 
definite  self-existing  principle  than  the  word  'Magnetism.* 
This  conclusion,  if  not  a  direct  revelation  of  Conscious- 
ness, is  one  of  ihoso  **  legitimate  inferences  "  to  which 
John  Stuart  Mill  alludes,  in  the  following  passage,  aa 
constituting  so  largo  a  part  of  human  knowledge. 

He  says'; — '*  All  theories  of  the  human  Mind  profess  to 
be  interpretations  of  Consciousness,  The  conclusions  of 
all  of  them  arc  supposed  to  rest  on  that  ultimate  evidence 
either  immediately,  or  remotely.  What  Cottsctouaneaa 
directlt/  reveals,  together  tvith  what  can  be  legithnntehj 
inferred  from  its  levciutiouit,  covipose  by  miiveratil  aifmis- 
sion  all  that  we  know  of  the  Mind  o?',  indeed^  of  any 
other  thing,** 

The  various  conscious  or  suhjtKrtive  stntos  known  to 
each  one  of  us  are  often  classified  under  three  principal 
categories,  corresponding  to  what  are  commonly  spoken 
of  as  (1)  Scnnation  and  Emotion;  (2)  Intellect,  aud 
(3)  Will  or  Volition. 

All  that  we  know  of  Mind  ia  derived  {a),  directly  or 
by  inference,  from  our  own  Buhjective  states  (Suhjecfive 
Vfiyeholotjxi)^  supplemented  by  (^),  what  wo  are  able  to 
infer  from  the  words  or  other  actions  of  our  fellow -men 
aud  lower  auimiils.  as  to  the  possession  by  them  of 
similar  stales  {^Ohjerttve  PsychobHjy),  and  {c)  by  what 
we  are  able  to  learn  as  to  the  dependence  of  tliese 
subjective  states  Ofjon  tlio  activity  of  certain  parts  of 
bodies  aud  of  the  bodies  of  other  animals  (Neurology, 

'*  Bxuminuttoa  of  Sir  William  Hamiltoa*ti  Philotiophj,"  p.  107. 
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States  (that  is,  in  the  spheres  of  Objective  Psychology 
and  Neurology),  but  also  in  regard  to  the  whole  system 
of  Natural  Knowledge.  Thus,  as  regards  vital,  mental, 
magnetic,  electric,  tliermal,  cheuiical,  mechanical,  and  all 
other  phenomena,  onr  actnal  prcfiont  'knowledge'  is 
made  up  of  a  closcly-interwovcn  potential  but  intelligible 
fabric  derived  from  actually  existent,  from  remembered, 
described,  or  inferred  Conscious  States  or  relations  be- 
tween them,  togpther  with  inextricably  intermixed  and 
more  or  less  *  legitimate  inferences*  therefrom. 

Our  knowledge  of  what  is  called  Objective  Psychology, 
as  well  as  our  knowledge  of  the  relation  of  subjective 
states  generally  to  the  activity  of  the  Nervous  System,  as 
deduced  from  its  Anatomy,  Physiology,  and  Pathology 
(the  knowledge,  that  is,  which  contributes  so  largely  to 
make  up  what  we  know  concerning  Mind,  or  mental 
phenomena)  stands,  therefore,  on  precisely  the  same 
foundation  as  our  knowledge  of  Magnetism — that  is  of  tho 
magnetic  phenomena  presented  by  diflerent  forms  of  iron. 
Tho  word  *  Magnetism  '  is  one  which  has  come  into  use 
in  much  the  same  way  as  the  word  *  Mind,'  although  it 
is  trne  that  the  connotation  of  tho  latter  is  wider  in  kind 
and  degree,  since  under  it  we  include  not  only  what  aro 
considered  *  legitimate  inferences '  from  conscious  states 
(our  only  sources  of  knowledge  concerning  Magnetism), 
bnt  also  these  very  conscious  states  themselves.  It  is  on 
this  latter  ground  only — though  of  course  it  is  one  of 
fundamental  importance — that  our  knowledge  of  *  Mind  * 
difTors  from  what  we  know  generally  in  regard  to  all 
other  natural  phenomena. 

From  a  basis  of  agreement,  therefore,  as  to  the  acknow- 
[ged  insufficiency  of  the  direct  revelations  of  Conscions- 
»88  in  any  branch  of   natural   knowledge,   it  seems  to 
the  wnter  incontestihle  that  the  same  kind  of  evidence  as 
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Qmi  vliidi  tman»  as  of  tho  rrisipofw  of  occr  own  bodiM 
M»d  of  tbe  properties  of  extenial  things  (vis.,  infercncci 
from  coDieians  states),  BlionU  gidile  as  in  the  stodjt  snd 
M  to  the  eoodnsums  dedocible  from  oar  oms  mental 
phcnomens  snd  those  of  other  living  beings.  An  attentiT 
considerstioD,  Lowerer,  of  sack  endence  altogether  fails 
to  sssore  ns  of  the  exibtence  of  *  tbe  Miud'  as  a  8«lf< 
exifttent  entity.  It  is,  indeed,  qaite  the  reverse.  \eTf 
ninny  of  those  who  are  most  entitled  to  form  a  judgment 
npon  this  aubjoet,  regard  it  as  a  *  legitimate  inftTence* 
from  existing  knowledge  that  Conscious  States,  and,  indeed, 
*  mental  phenomena*  generally,  are  dept^udcnt  upon  the 
propertieH  and  moleculur  activities  of  nerve-tisanes,  just  as 
'  niiLgnetiu  phenomena'  are  dependent  npon  the  properties 
and  molecular  actions  of  certain  kinds  or  states  of  iron, 
IU';^arded  us  uUiniate  factn,  we  are  jnst  aa  impotent  to 
'explain'  the  relation  or  nexaa  of  causation  existing 
lii'twren  Miii^nelic  Pheuomentt  and  the  one  set  of  molccu 
tur  netivitieH,  as  we  are  to  explain  the  causation,  direct  or 
indirect,  of  Cuuscions  States  by  other  molecular  activi 
ticH.  The  mere  fact  that  we  are  each  of  us  conscious 
ihfi  existence  of  ntcntal  or  sulijective  states,  iuscrutaU 
and  nltinifite  as  these  must  always  be,  certainly  cannot 
\w  supposed  to  give  any  knowledji^e  of  '  Mind  '  as  a  self- 
cxiHient  entity, 

Sonm  of  tlioso  wlio  seek  to  expound  mental  phenomena 
from  a  scientitic  stan<]-point,  have  not  always  been  suffi- 
ciently careful  to  suit  their  language  to  their  views. 
This  Hhtnild,  however,  lie  done  somewhere;  and,  if 
not  elsewhere,  cortninly  in  a  prelimiuary  disquisition, 
in  oixl<^r  Umt  there  may  ho  no  >^o^na  for  doubt  as  to  an 
author  a  meal'  "  '-^  ^^^^  ^^m  "  Mind/     -With 

I  in   ^  :   ■^'^^'^^"^audexplaxiAtioos 
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^  One  of  the  ))rinri|ifll  errors,  wliicb  tlio  metiipliysical 
co»coption  of  Miud  as  tin  cntily  ciHailB,  is  thut  '  meDtal 
phenomena'  arc  suppnaod  to  he  limited  or  bounded  by  the 
sphere  of  ConaciousDess.  That  this  has  been  the  view  of 
the  f^eat  majority  of  philosophers  any  student  of  their 
writings  will  easily  discover.  Thus  Consciousness  is  said 
hy  one  of  them,  to  be  "  the  fnndanientiil  condition  of  all 
intelligence/'  -whilst  another  holds  that,  "of  all  the 
Tesent  operations  of  the  mind,  consciousness  is  aij 
inseparable  concomitant,"  Such  doctrines  are,  indeed, 
legitimate  deductions  from  the  inetaphyRical  view  conrem- 
g  Mind,  thonrrh  its  inadequacy  is  now  fully  recognized 
t  only  hy  pliysiologists,  but  also  by  some  modem 
psychologists.  Thus  Professor  Bain,  after  speaking 
cf  Mind  in  its  three  fundfimental  capacities,  Feeling, 
ctiou  (Volition),  and  Thought,  says* ;  •*  Consciousness 
inseparable  from  the  first  of  these  cnpacilics.  hut 
ot  as  it  appears  to  me,  from  the  second  or  the  third. 
rue,  our  actions  and  thoughts  are  usually  conscious,  thut 
s,  arc  known  to  us  by  an  inward  perception ;  but  the 
nsciousuess  of  an  act  is  luivnifestly  not  the  act,  and, 
though  the  assertion  is  less  obvious,  I  believe  that  the 
nsciousuess  of  a  thought  is  distinct  from  the  thought." 
The  spbero  of  *  mental  phenomena'  cannot,  indeed,  be 
umscribed  by  the  sphere  of  Consciousness,  and  the 
cognition  of  this  fact  necessitates  the  absolute  rejection 
the  word  '  Mind'  in  its  old  signification,  and  coiupcla 
08  to  include  under  this  collective  abstract  t^rm  multitudes 
of  processes  or  nerve  actions,  whicli  now,  so  far  as  we  are 
sware.  have  no  correlative  subjective  aspects,  though  they 


•  "The  SonacB  and  the  Intellect,"  p.  1.    The  language  of  the 
irec  statements  there  given   by  way  of  definition  of  Mittd,  geema 
imply  a  hoUof  in  a  aelf-exidtcnt  something,  able  to  Feci  and 
Think,  and  capable  of  Acting. 
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may  intervene  as  indnbttaLle  links  or  constitacnta  of 
*  montal  pbenomena/  There  need  be  the  less  liebitatiou, 
in  admittiDg  this  latter  conclusion  from  tlie  fact  that  it  ii 
ODO  which  each  of  ub  can  so  easily  verify  for  himself. 

We  are  frequently  fionscions  of  the  first  tonn  of  some 
process  of  thought,  and   wo  become  aware   of  the  last, 
wfaQst  those  which   intervene,   numerous    though   they 
may  be,  do  not  in    the  least  reveal  themselves  to  our, 
consciousness.      We   seek,   for  instance,   to  recall   Rome-j 
name  or  word  at  the  time  forgotten.     We  are  conscioui 
only  of  a   sense  of  *  effort'  which  may,  at  the   time, 
fruitless,  and  yet,   after  a  period,  iu  which   we  have  been 
thinking  of  other    things,   the  desired  word   or   name 
suddenly  declares  it8<*lf  in  our  consciousness.     We  mnj, 
say  with  Dr.  Carpenter  :  *'Now  it  is  ditDcult,  if  not  im- 
possible, to  account  for  this  fact  upon  any  other  supposition 
than  that  a  certain  tralu  of  action  has  been   set  going  in. 
the  cerebrum  by  the  voluntnr)*  exertion  which  we  at  fu'skj 
made ;  and  that  this  train  continues  in  movement  al 
our  attention  has  been  fixe<l  upon  some  other  object  o( 
thought,  BO  that  it  goes  on  to  the  evolution  of  its  result* 
not  only  without  any  continued  exertion  on  our  parts  butj 
also  without  our  consciousness  of  any  continued  actintj. 
And  that  some  such  view  as  this  has  commended  itself] 
to  80  distinguished  a  philosophical  ti}inker  as   the  lat 
J.  S.  Mill  may  be  gathered  from  the  following  quotatioa^ 
in  reference  to  parallel    phenomena,     lie  says*:  **lf  we 
admit   (what  physiology   is  rendering    more  and  mote 
probable)  that  our  mentalfeelingsas  well  asour  sensation* 
have  for  their  physical  antecedents  particular  states  of  the 
nerves,   it    may   well   l>e   believed    that  the  apparently 
suppressed  links  in  a   chain   of  aRsociation,  those  which 
Sir  William  Hamilton  comsidors  as  ktont,  reallv  are  B0| 

#  "  Eiaminalion  of  Sir  Wm.  HnmUtona  Pkiloiwphy.*'  p.  285. 
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that  ihoy  are  not  even   momentarily  felt;  the  chain  of 

cavsat'utn  being  continued  only  phi/sicaUi/,  br/  one  organic 
,     state  of  the  fit'rvas  mcceeding  another  so  rapidly  that  the 
state  of  mental  consciousneM  appropriate  to  each  is  not 
produced.'* 

It  is,  indeed,  certain  that  inultitades  of  nerre  actions 
havinf;^  no  subjective  side   (that  is,  which  are  nnaccom- 
pnnied  by  phases  of  consciousness),  form  links  or  integral 
parts  of  our  momentarily  occurrinj»  mental   states,   and 
that  sach  mere   objective  phenomena  powerfully  assist  in 
deterniitiing  our  so-called   mental  acts.      Nay,  more,  it 
j     seems  almost  certain  that  the  greater  part  of  our  Intel- 
lectual Action  proper  (that  is  Cognition  and  Thought  aa 
opposed  to  Sensation)  consists  of  mere  nerve  actions  with 
which   DO  conscious  states  are  associated.      And,  lastly, 
each  ono  of  us  may  liavc  had   frequent  occasion   to  notice 
^^hat  states  of  Feeling  which  at  tirst  accompany  unfamiliar 
^BfuHCular  Movements,  after  a  time  no  longer  reveal  thom- 
^Helves  in  Consciousness,   that  is,  when  such  movements 
^^avG  by  dint  of  frequent  repetition  become  easy  of  per- 
formance. Thus,  rapid  and  unconscious  Automatic  Actions 
^Hkre  constantly  tending,  iu  our  own  experience,  to  take  the 
^^lace  of  slower  aud  more  consciously  executed  Volitional 

Movements. 
I^K  From  this,  as  well  as  much  more  which  might  be  said, 
^^n  would  appear  that  those  nerve  actions  attended  by 
consciouR  states  (to  which  latter  correlatives  philosophers 
have  been  accustomed  to  restrict  the  words  '  Mind  * 
and  *  mental  phenomena')  constitute,  in  reality,  only  a 
very  small  fraction  of  the  sum  total  of  nervous  states  or 
actions  which  are  now  known  to  bo  comprised  among 
(a)  the  initial  nervous  phenomena  leading  to  Sensation 
and  Emotion,  among  (b)  the  intermediate  links  of 
ought  and  Imagination,  among  (c)  the  beginnings  of 
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Desire,  and  which  exist  (d)  &s  the  Incitntions  to, 
nccompanimcnts  of,  VoHtional  Action.  But,  if  this  be 
Irne,  what  becomes  of  the  metaphysical  entity  called 
•  Mind '  ? 


Thus,  it  would  appear  that,  if  we  are,  as  so  many 
philosophers  tell  us,  to  re^rd  the  sphere  of  Mind  as 
co-extensive  vnih  the  sphere  of  Consciousness,  we  should 
find  'Mind'  reduced  to  a  mere  imperfect,  disjoiuted, 
serial  agglomeration  of  feelings  and  conscious  states  of 
various  kinds — while  the  multitudes  of  initial  or  inter- 
mediate nerve  actions  (which  serve  to  bind  those  other 
nerve  actions  commonly  associated  with  conscious  corrc- 
lutivefl  into  a  complex,  continuous  and  coherent  series) 
would  have  no  cliiim  to  be  included  under  this  category. 

For  these  and  other  reasons,  we  feel  ours<»lvc8  drivea 
to  the  couolusioD  that  the  common  notion  as  to  what 
should  be  included  under  the  terra  Mind,  is  one  which  is 
alto^^ether  erroneous,  and  such  notion  ought  clearly  enoagb] 
to  be  given  up,  unless  some  warrantable  extension  of  the 
meaniug  of  the  narrower  term  Consciousness  should  per- 
mit the  rectification  to  be  made  in  this  direction. 

It  would  scfm  to  most  persons  imi>osRible  so   to  wideu^ 
the  signification  of  the  word  Consciousness,  as  to  make  ift 
co-extensive  with  uncouscions  nerve  actions,  though  some 
BUL'h  proposition  seems  suggested  by  Professor  Bain  when 
he  says  ;•  '*  We  assume  as  a  fundamental  fact,  that  with  Jl 
nervous  action  feeling  begins."     This  is  certainly  a  largl^|i 
uHHumptioD,  and  one  which  it  is  difficult  to  admit,  tbouffh^^ 
a  notion  of  the  same  kind  was,  soveral  years  ago,  advocated 
by  G.  H.  Lewes.t  who  holds  BtoadfaRt\y  to  the  notion  tba% 
sensibility  is  the  property  of  gin^^Uouic  nerve   tissue  in 
general,  oven  though  the  action  *^^  *^«^  S^igUouic  lissno 
•  •<  Mind  and  Body."  p.  53.      f  "  F»^1«»^H5  ^^  Com^^^  ^^y^^ 
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may  uot  reveal  itself  hy  any  phases  of  Consciousness  what- 
soever.*  To  have  a  feeling  of  which  we  are  not  conscious 
will  seem  to  most  of  us  a  contradiction  in  terms.  J.  3. 
Mill  was  eviiienily  of  Ibis  opinion,  since  he  says:!  "To 
feel,  and  not  to  know  that  we  feel,  is  an  impossibility." 
What,  it  may  be  askcd^  is  the  nature  of  an  unconscious 
•  sensation*  ?  Language  employed  in  this  way  seems  to 
become  meaninfjless,  and,  in  the  writer's  opinion,  cannot 
be  justified.  If  an  impression  receives  none  of  oar 
Attention,  that  is  only  saying  in  other  words,  that  we  are 
not  conscious  of  it  or  do  not  feel  it.  In  such  a  case  wo 
have  no  reasonable  warrant  for  calling  such  an  impression 
a  '  sensation.'  No  excuse  for  such  language  appears  to  bo 
found  in  the  mere  fact  that  there  are  different  degrees 
or  intensities  of  Consciousness,  and  that  nerve  actions 
without  feeling  cannot  be  sharply  separated  from  nerve 
actions  which  are  accompanied  by  feeling.  It  should  bo 
clearly  recognized  that  this  kind  of  reasoning  tends  to 
give  ns  no  definite  resting  point :  from  such  a  basis  we 
might  (and  in  fact  ought  logically)  to  go  on  to  postulate 
the  existence  of  Consciousness  in  plants,  and  even  in 
inanimate  things — since  the  demarcation  between  Con- 
sciousness and  the  absence  of  it,  is  more  radical  than  that 
which  separates  ncr\-o  tissues  from  other  living  tissues, 
and  living  from  not  living  matter. |  Although,  however, 
as  we  may  freely  concede,  the  phrase  '  unconscious  sensa- 
tion' is  far  from  being  nieaninj^less  or  unjustifiable  from 
the  point  of  view  of  a  purely  speculative  philosophy, §  its 


*  Since  the  abo\-e  was  written,  G.  H.  Lewes  has  pablinhcd  his 
»tw.„.:„„i  Ti„jg  of  Mind  "  1877,  in  which  hia  viewi 
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ruU'ly  developed  and  supported. 
t  "Examination  of  Sir  Wm.  Hamilton*s  Philosophy,"  p.  132, 
J  **  BeginningH  of  Life."  vol.  i  p.  7'v>;  vol.  ii.  p.  77. 
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use  tends  to  introduce  confusion  into  a  subject  the  Datanl 
complexity  of  which  Already  makes  it  sufficieutly  hiifiliug. 
There  may  be  nasceut,  ill-dcfiued,  or  abortive  sabjeclivo 
Bides  to  many  nerve  actionH,  but,  if  these  do  not  answer 
in  ourselves  to  what  we  know  as  Consciousness,  it  should 
not  be  said,  that  '  sensibility '  is  an  appanage  of  such 
nerve  actions. 

If,  however,  wo  are  compelled  to  believe  that  Conscioai 
ness  is  not  co-eitensive  with  the  sphere  of  '  Mind/  in 
the  ordinary  acceptation  of  these  terms,  and  that  uo 
expedient  modification  of  the  meaning  of  the  word 
Consciousness  could  make  it  so,  then  in  face  of  the  dott 
admitted  fact  concernin;^  the  frequent  interpolation  of  whal 
J.  S.  Mill  called  mere  **or^'anic  states  of  the  nerves, 
or  nncnnsciouB  nerve  acLions,  as  integral  parts  of  meni 
processes — only  one  other  course  lies  open  to  us.  W< 
must  widen  the  sig^nification  of  the  term  '  Mind'  itself. 

This   is  no  question   of   choice,    but   one    of  absolute 
necef^sity.   The  meaning  of  the  word  *  Mind  *  must  be  very 
considcraldy  enlarged,  so  as  to  enable  us  to  comprise  undi 
its  now  ftud  more  ample  signification  the  results  of  all  nerf^ 
actions,    other    than   those  of  outgoing   currents.       W^l 
should  ihuH  include  as  '  mental  phenomena,'  the  functioni 
rcKtiJts  of  all  nerve  actions  on  the  side  of  ingoing  curreni 
and  in  the  nerve  centres — whether  these    nerve   actions 
are  accompanied  by  a    recogniziihle  conscious  phasis, 
whether  they  form  what  appear  to  be  mere   physical  liul 
(or  "organic  states  of  the  nerves")  between  other  neive 
actions  which  ore  unquestionably  in  relation  with  defioite 
Connciuus  States. 

We  thufl  iuclurle  under  the  word  *  Mind '  all  those  well- 
known  rcsnits  of  norve  action  which  are  comprised  under 
geuoral    categories    of     (1")    T'eeUng,    Sensation    or 
I,  (2)   Intelligenco,  InstVnol  or  Thought,  and  (8) 
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Attention,  Volition  or  Will ;  and  we  do  not  exclude  the 
multitudinous  results  of  more  unconscious  nervo  actions, 
which  constitute  ho  many  iiitcgml  parts  of  our  mental 
life — iuterpolating  thenisolves  from  moment  to  moraenti 
and  having  their  origin  in  various  parts  of  our  nervous 
Bvsteui,  The  functional  results  of  outgoing  currents, 
however,  lie  wholly  beyond  the  sphere  of  mind  :  they 
terminate  in  such  physico-vital  phenomena,  as  the  con- 
traction or  the  arrest  of  contraction  in  Muscles,  and  the 
stimulation  or  the  reverse  of  Glandular  Activity — events 
which  are  in  no  sense  menial,  though  hrouglit  uhout  by 
nervous  influence.  They  are  purely  physical  phenomena, 
and  are  taken  cognizance  of  by  means  of  special  impres- 
sions made  upon  aiid  conducted  to  the  CeicJirum  by  such 
ingoing  or  sensory  nerves  as  are  in  relation  with  the  moving 
parts  or  secretory  organs.* 

Here  a  difticulty  at  once  presents  itself.  It  will  doubt- 
less be  said  on  all  sides  that  wo  cannot  rightly  group  the 
various  Conscious  States  which  accompany  certain  nervo 
nctions  (subjective  phenomenn)  with  mero  unconscious 
nerve  actions  (objective  phenomena).  These  two  groups 
of  phenomena,  it  is  always  said,  are  separated  from  one 
another  by  what  appears  to  be  utter  dissimilarity  of  nature, 
as  typified  by   tho  fundamental  contrast  of  Subject  and 

bject  (the  Ef^o  and  tho  Non-E^o), 

This  is  an  objection  basod  upon  onr  ignorance  as  to  the 
exact  genetic  relation  existing  between  subjective  states 
and  the  bodily  conditions  (or  nervous  actions)  on  which 
Ihcy  seem  to  be  dependent.  It  is  probably  due  to  an 
equal  extent  to  a  temporary  forgcLfulueas  on  the  part  of 

ose  who  advance  it,  that  we  are  as  much  in  the  dark  as 

lo  the  real  nature  of  Motion  as  wo  are  about  the  real  mode 

Tlicse  qnostions  as  to  the  relation  of 'outgoing  currents*  to 


lind  will  be  fully  diHousaed  in  Cliap. 
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of  ori^n  of  Foeling.  Motions,  wJiether  moleoalar  or  other, 
we  know  only  by  their  effects  upon  us,  that  is,  in  terms  of 
Feeling.  Who,  therefore,  is  to  declare  that  there  can  be 
no  kinship  between  that  which  is  the  cause  of  Feeling 
and  the  molecnlar  movements  of  certain  nerve  tissues, 
when,  as  to  the  cause  of  Feeling,  knowledge  other  thuu 
that  which  cornea  from  inference,  is,  from  the  very  nature 
of  the  problem,  for  us  impossible,  and  when  we  con- 
fessedly know  nothing  concerning  molecular  movemcnl 
other  than  what  we  can  learn  through  Feeling. 

There  seems,  therefore,  no  real  room  or  occasion,  from 
a  scientitic  point  of  view,  for  the  protests  which  soi 
will  assuredly  make  against  thiK  necessary  grouping  of  («l] 
the  conscious  states  and  certain  parent  ner^o  actions,  wil 
{h)  other  mere  unconscious  nerve  actions,  which  are  con^ 
tributory  to,  rather  Mian  directly  associated  with,  conscioi 
states — as  the  constituent  phenomena  Mind  in  its  nei 
and  altogether  broader  acceptation.  That  the  two  class* 
of  nerve  actions  referred  to  are  in  reality  separated  by  D1 
arbitrary  line,  and  that  the  more  simple  (b)  are  conned 
by  innumoraMo  gradations  with  the  more  complex  (<i) 
an  assumption  favoured  by  all  who  believe  in  the  phil 
Bophy  of  Evolution.*  Such  persons  will,  therefore,  more 
easily  see  that  *  mental  phenomena,'  na  al)ove  defined, 
correspond  to  a  coherent  rather  than,  as  of  old,  to  an 
incoherent  and  non-consecutive  assemblage  of  proceBscs. 

Some  such  change  is  inevitable,  and  wo  of  tbo  present 
generation  must  bear  the  discomfort  and  inconvenience 
naturally  arising  from  an  altoxcd  meaning  of  tlio  term 
Mind,  in  order  that  those  who  \o\\onv  may  reap  the  benefit 
which  will  ofter  u  time  res^^U  feom  the  rectification, 
•re  is  progiessivo,  a^»w^>  '^^  oV^  Verras  are  to  be 
f,  Na^wira  AddrcM  ^     ^^^wvcV  on  "The  Limits  of 
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retained,  their  implicaitous  mnst  from  time  to  time  be 
amended^  in  order  that  further  progress  maybe  made  more 
easy  or  even  possible. 


Tlioso  who  lake  the  step  above  indicated,  will  recognize 
auuther  truth  which  has  been  ahoady  implied.  They  will 
find  themselves  logically  compelled  to  depart  still  further 
I'rom  commonly  recognized  views.  Ou  strict  enquiry,  it 
will  be  Bceu  that  the  notion  that  theBraiu  is  the  exulusive 
'organ'  of  Mind  can  no  longer  bo  entertained.  This 
view  was,  indeed,  too  broad  to  ho  juatiiied  by  the  old 
philosophy,  since  only  a  very  small  part  of  the  nerve 
actions  taking  place  in  the  ditfercnt  ganglia  entering 
into  the  composition  of  the  human  brain  are  attended 
by  Conscious  States.  Hut,  if  the  seat  assigned  to  Mind 
was  formerly  much  wider  than  physiology  could  warrant, 
it  DOW,  nn  the  other  hand,  beconiCR  much  too  narrow. 

This  will  be  seen  to  be  a  necessary  consequence  of 
including  under  the  term  '  Miud '  a  multitude  of  the 
unconscious  nerve  actions  occurring  in  the  Brain.  For 
it  is  impossible  to  draw  any  valid  line  of  demarcation 
between  many  nnconscious  nerve  actions  taking  place  in 
the  brain  of  man  or  any  lower  animal,  nnd  otlicrs  (with 
which  they  are  continuously  or  gcncticully  related)  in  the 
spinal  cord,  or  in  any  of  the  ganghonic  masses  in  different 
parts  of  the  body.  The  division  of  the  Nervous  System 
ito  Braiu,  Spinal  Cord,  and  Sympathetic  System  is  one 
lich,  though  justifiable  enough  on  anatomical  grounds,  is 
much  less  so  from  a  physiological  point  of  view.  The 
•rvous  System  is  really  one  and  indivisible,  bo  that,  if, 
.h  certain  resei*vatioiis,  nnconscious  uer\e  actions  occnr- 
ig  in  the  Hmin  are  to  bo  regarded  as  *  mental  pheno- 
fua/  we  can  find  no  halting  point  short  of  including 
ider  the  same  category  any  unconscious  nerve  actions  of 
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a  Bimilor  order,  wheresoever  they  may  occor.  In  thii 
sense,  therefore,  almost  the  whole  Nervous  System  woohl 
have  to  be  regarded  as  the  'orgnn'  of  Miod,  while  the 
Brain  should  be  regarded  as  merely  its  principal  com- 
ponent part. 

Views  closely   similar   to    those  above  set  forth   we 
advanced  by  the  writer  in  1870,  when  he  said  :*  '*  Let  a 
openly  profess  what  has  been  tacitly  implied  by  man 
Instead  of  supposing  that  Mind  and  Conscionsness  (in  i 
ordinary  acceptation)  are   co-extensive,  let  us  make  Mind 
include  all  unconscious  nerve  actions  as  well  as  those  which 
are  attended  by  Consciousness  .  .  .  ,  "We  must  inevitably 
come   to   this,    and   the    doctrine  of   '  unconscious  cere- 
bration '  has  served  to  pave  the  way  for  it 

ing  that  Mind,  even  in  its  ordinal^  acceptation,  is 
pro<luct  of  all  *  potential  *  as  well  as  of  all  reali 
knowledge,  the  word  cannot  without  the  intervention  of  a 
fundamental  error  be  considered  as  a  convertible  term  for 
realized  or  realizable  knowledge  only.  That  which  is 
realizable  now,  or  capable  of  being  recalled  to  conscious- 
ness, may,  and  often  docs,  after  a  time  cease  to  be  so,  and 
yet  the  essential  nerve  actions  themselves  may  still  go  on, 
and  none  the  Iobs  surely  work  their  influence  upon  our 
fleeting  succession  of  conscious  states.  Thus  has  it  beettj 
with  the  race,  and  thus  is  it  with  the  individual.  An 
shall  we  cease  to  call  a  given  nerve  action  mental,  wh 
by  frequent  repetition  it  has  become  so  habitual  that  it 
longer  arouses  Consciousness?"  Transitions  from  coa 
scions  nerve  actions  to  uncousciousnerve  actions  are  habit 
ally  taking  place  during  the  education  of  the  individual," 
and  the  duvBlopmontof  the  nervous  system  in  each  one  of 
us,  and  "  the  more  fully  such  phenomena  are  recoguix 
an  j>art8  of  au  orderly  succession  by  which  alone' 
♦  "  Joamid  of  Menial  Sci^^ncc,"  Jan.,  p.  522. 
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^eatcr  and  greater  complexities  of  tbongbt  and  feeling 
are  rendered  possible,  tbe  more  will  it  become  evident  tbat 
tbe  Bpbere  of  mind  cannot  at  any  time  be  circumscribed 
by  the  then  present  or  possible  states  of  CouKciousnesB, 
tbe  more  it  is  obvious  tbat  in  our  conception  of  mind  we 
Hbould  also  include  all  past  stages  of  Consciousness, 
which  now  in  the  form  of  unconscious  nerve  actions 
are,  from  moment  to  moment,  manifesting  themselves 
potentially,  if  not  actually,  in  all  our  present  Thoughts, 
Feelings,  and  Volitions." 

Certain  qualilicationB  of  this  doctrine  arc  now  intro- 
duced, since,  for  reasons  which  will  be  more  fully  con* 
siderod  in  later  chapters,  iliose  tracts  of  the  Nervous 
System  exclusivtjly  concerned  with  the  passage  of  *  out- 
poing  currents  '  are  now  deemed  to  have  no  more  claim 
to  be  regarded  os  parts  of  the  '  organ  *  of  Mind  than 
has  the  Muscular  System  itself,  with  which  they  are  in 
immediate  relation. 


The  views  above  sketched,  are  diflferent  from  those 
commonly  entertained  by  physiologists,  and  they  also 
differ,  in  one  or  other  respect,  from  those  of  modern  British 
philosophers  such  as  Spencer,  Lowes  and  Bain.  They 
difler,  however,  still  more  widely  from  the  views  of  other 
philosophical  writers  who,  not  having  emancipated  them- 
selves from  the  mere  metaphysical  doctrines  concerning 
Mind,  habitually  regard  it  as  an  entity^  and  speak  of 
*  the  Mind '  using  the  Brain  as  its  instrument. 

This  latter  doctrine,  whicli  still  counts  a  wide  circle 
of  adherents,    and  is  likely,  perhaps,  to  do  so  for  some 

le,  has  been  aptly  met  by  Professor  Bain.     He  says;* 

In  tho  first  place  it  assumes  that  we  are  entitled  to 
^eak  of  Mind  apart  from  body,  and  to  af!lrm  its  powers 

•  "Miud  and  Body,"  p,  130. 
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and  properties  in  that  sep&rnte  capacity.     Bat  of  mind 
apart    from    body  we  have  no    direct   expenence,   an4l 

absolutely  no  knowledge In  the  second  place  vej 

have  every  reason  for  believing  that  there  is,  in  company 
with  all   oar  mental  procesaes,   an    unbroken  matrriat 
succession.     From  the  ingress  of  a  sensation   to  the  out- 
going responses  iu  action,  the  mental  succession  is  Dot  for; 
an  instant  dissevered  from  a  physical  succession  .... 
It  would  be  incomiHitiblc  with  everything  we   know  of  i 
cerebral  action,  to  suppose  that  tbe  pbysical  chain   eudtj 
abruptly  in  a  physical  void,  occupied  by  an   immaterial] 
substance ;    which    immaterial  substauce,   after   working' 
alone,  imparts  its  results  to  the  other  edge  of  the  physical 
break,  and  determines  the  active  response — two  shores  o£l 
tbe  material  with  an  intervening  ocean  of  the  immaterial."] 
The  difficulties  in  working  such  a  hypothesis  are  in  faetj 
extreme^  even  if  it  had  not  been  nfigatived  by  the  man; 
other  considerations  referred  to  in  previous  pnges. 

In  treating  of  'the  Brain  as  an  organ  of  Mind,'  thei 
fore,  it  will  be  understood  that  we  use  the  word  '  organ 
merely  in  the  sense  that  it  is  a  part  whoso   molccolm 
changes  and  activities,  constitute  the  essential  correlative 
of  those  phases   of  Consciousness   known  as  Sensation! 
Emotions,  Thoughts,  and  Volitions,  as  well  aa  of  a  con- 
siderable  part   of  the  sum  total  of  those  other  relat 
nerve  actions  which  are  unattended  by  Consciousness,  am 
whose  results  form,  in   accordance  with   the  views  abovi^ 
stjite<l,  so  large  a  proportion  of  the  phenomena  comj 
bonded  under  the  general  abstract  word  '  Mind.* 


From  what  has  beeu   already  said,  it  will  bo   seen  thai 
pht-nomena'  has  to  be  carried  on  in^ 
US,  and  that  it  is  one  which  is  besei! 
"'*•     '^^^^  following  Uble  or  diagram. 


Chap.  X.j 
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indicates  the  priucipal  kiutls  of  data  which  require  to  be 
comhineJ,  and  moro  or  lesa  fused,  in  order  to  give  hirth 
to  a  legitimate  Pbychology  or  truo  science  of  Mind. 


tion  anrf  a^ 


•""'c. 


These  three  departments  supply  data  almost  equally 
important.  To  neglect  the  facts  snpplicd  by  Neuro3oo;y 
would  be  al>out  as  unreasonable  as  to  dismiss  the  legitimate 
study  of  Subjective  Psycholoj?}',  and  certainly  is  on  no 
grounds  to  be  defended  by  those  who  do  not  refuse  to 
include  the  study  of  Objective  Psychology — and  are  thus 
willing  to  take  account  of  the  data  obtainable  as  to  the 
conscious  states  of  animals  and  of  human  beings  other 
than  themselves.  For,  if  a  departure  is  once  made  from 
the  sphere  of  the  subjective,  the  data  of  Neurology  must 
be  admitted  to  constitute  aa  important  a  division  of  the 
science  of  Silind  as  those  derived  from  Objective  Psycho- 
logy— from  which  they  differ  more  in  degree  than  in 
kind. 


CHAPTER  XL 


KEFLEX   ACTION   AXD   UNCONSCIOUS    COGXITION. 


The  nature  of  a  Reflex  Action  has  been  ah'cady  iudical 
und  tho  tissue  elements  usually  concerned  in  snob  an 
elementary  nerTous  operation  have  been  described.  Tbey 
consist  of  ingoing  fibres  continuous  in  a  Norve  Centre  witb 
so-called  *  sensory  *  nerve  cells,  which  in  their  turn  are 
in  communication  with  some  group  or  groups  of  '  motor' 
nerve  cells,  whence  issue  outgoing  fibres  for  the  trans- 
mission of  stimuli  to  muscles. 

Such  groups  of  tissue  elements  Tarlonsly  connect 
together  are  continually  increasing  in  definiteuess  and  num- 
ber during  the  cours^of  structural  development,  as  well  as 
during  the  whole  time  in  which  tho  '  education  *  of  animal 
organisms  progresses.  The  cellular  elements  are  aggre- 
gated into  Ganglia  of  different  sizes,  and,  by  reason  of 
their  close  approximation  in  these  bodies,  tho  establish- 
ment of  structural  connections  between  those  cells  which 
are  functionally  related,  either  on  tho  side  of  '  impres- 
sion *  or  on  that  of  '  reaction,'  is  doubtless  facilitated. 

Thus  it  seems  to  result  from  tho  very  nature  of  nerro 
tissues  and  their  mode  of  development,  that  variations 
in  the  kind  and  combination  of  impressions  acting  upon 
any  particular  organifira,  as  part  of  its  life  phenomena, 
become  by  slow  degrees  organically  liuked  to  different 
and  severally  appropriate  motor  results.     The  organism 
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lenruB*  to  discriminate  one  impression  &om  another, 
either  unconsciously  or  consciouflly — an  wo  are  compelled 
to  infer,  from  the  diffeient  nuture  of  its  motor  responses 
and  the  snilabLlitj  of  each  as  an  answer  to  the  impression 
whifh  it  follows.  Thus  '  discrimination  '  comes  to  be  an 
essential  result  or  concomitant  of  the  action  of  even  the 
simplest  nerve  tissues/ 

And  as  'discrimination'  is  generally  recognized  hy 
philosophers  to  be  the  root  faculty  or  most  fundamental 
manifestation  of  IuteUi<^euce,  we  shall  find  in  the 
phenomena  of  Reflex  Action,  now  about  to  be  illustrated,  a 
further  strong  support  for  the  view  that  the  nervous 
system  generally  is  to  be  regarded  as  the  Organ  of 
Mind. 

^H  In  most  lower  animals,  as  we  have  seen,  several  separate 
^^  Kerve  Centres,  or  Ganglia,  constitute  the  main  subdinsions 
of  the  nervous  system.  In  animals  like  the  Centipede, 
these  ganglia  are  very  numerous,  and  distinct  fi*om  one 
;  another;  in  others,  such  as  the  Grasshopper,  several 
Lj.  become  fused  at  intervals,  so  that  separate  ganglia  are 
^Hiess  numerous ;  while  in  Ycrtebnite  animals,  as  we  have 
"seen,  the  fusion  is  carried  still  further.     In  the  Fish,  the 

*  Something  very  like  organic  diBcrimination  may  occar  in 
Plants.  A  writer  in  "Nature"  (Jane  26, 1873,  p.  104}  cit4.'s  what  may 
bo  regarded  M  an  instance  of  tlii».  lie  says:  "The  Ivy  Liuuria 
grovnH  on  an  old  wall;  ita  flowers  and  the  Oower-stalks  btund  oat 
(or  the  »un  and  Insects  to  visit  the  little  '  snap-dragon. *  But  no 
■oouer  docs  the  corolla  fall  than  the  peduncle  begins  to  curve  in- 
wardv  to  the  wall,  and  usually  eontiives  to  tuck  iU  s^ed-vebsel  well 
into  ihc  brickwork  again."  An  action  like  tliia  may  perhaps  be 
the  result  of  an  organic  impuUe  or  tendency  foatered,  if  not  engen- 
dered, bj  '  natural  feeleclioii.'  And  as  the  observer  inlimaten,  there 
are  ctTtuin  obvious  rulatiuns  between  such  a  prucesH  and  Bome  of 
the  izutiuctivc  actiona  of  aniinuTR  iq  connection  with  ovi-pohition. 

d 
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Replllo,  aud  other  Vertebrates,  the  separate  ventral   gnn 
pliii  of  the   Contipcdo  iire  represented  functionally  by 
continuous  cord-like  aggregation  of  fused  centres,  wlii< 
occupy  the  median  line  in  the  dorsal  a8]>ect  of  the  body. 

The  lower  the  oriranism,  tlie  more  independent  is 
functional  activity  of  its  several  nerve  ganglia,  while  thi 
higher  the  animal  in  type  and  scale  of  organization,  the 
more  closely  knit  together  are  the  activities  of  these  several 
parts  of  the  nervous  system.  Kven  in  Man  himself,  how- 
eT6r»  we  have  frequent  evidence  of  the  independent  action 
of  more  or  loss  limited  regions  of  the  nervous  system. 
This  is  the  case,  for  instance,  in  winking,  sneezing, 
coughing,  swallowing,  which  are  all  of  them  reflex  or 
*  automatic  '  actions.  The  latter  name  has  been  given  on 
account  of  the  machine-like  regularity  with  which  such  acts 
are  performed — independently  of  all  conHcious  guidance. 

The  cixisinnce  and  iiu'fliiiiusni  of  *  reflex  actions  '  were 
first  distinctly  referred  to  hy  David  Hftrtloy  in  17-48 ;  they 
were  more  deGnifcely  described  by  Prochaska  in  1784 ; 
though  it  was  Marshall  Hall  who,  some  fifty  years  later, 
first  clearly  recogniiced  and  elucidated  their  real  impor- 
tance. Since  his  time  our  knowledge  of  these  actions  has 
been  widened  in  all  directions  by  the  labours  of  many 
physiologists. 

The  fact  that  each  Ganglion  in  one  of  the  lower 
animals  constitutes  an  independent  centre  for  reflex 
actions,  aud  that  the  movements  to  which  it  gives  rise  are 
always  co-ordinated  and  adaptive  in  their  characters,  was 
experimentally  ostablisht-d  by  Duges. 

Tills  naliirulist  nuide  some  interesting  observations  on 

the  '  Mantis,'  a  lurge  insect  having  some  resemblance  to  % 

•t  which  IS  very  common  in  the  south  of  France  and 

The  creature  is  notable  for  a  long,  narrow,  first 

•gmont,  to  which  ar©  attached  a  pair  of  large  and 
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powerful  arms  terminating  with  hooks,  with  which  it  is 
accustomed  to  seize  and  piorce  its  prey.  When  tho  head 
togother  with  this  first  thoracic  Bt'f^raent  was  excised,  the 
body  of  the  Insect,  supported  on  its  four  remaining  ^^K^, 
resisted  attempts  made  to  overturn  it,  and  at  the  same 
time  agitated  its  wings  and  wing-cases.  When,  after  this, 
the  head  was  detached  from  the  first  thoracic  segment,  the 
latter  single  and  isolated  body  segment  aflerwards  shuwed 
signs  of  life  by  the  continuance  of  *  reflex  actions  '  of  a  pur- 
posive character  for  more  than  an  hour.  When  touched, 
it  moved  its  arms,  turning  them  towards  the  finger  of  the 
experimenter,  and  even  nipping  it  strongly. 

These  were  actions  of  much  the  same  kind  as  would 
have  been  exhibited  towards  a  Fly  or  otlipr  prey,  if  the 
segment  had  formed  part  of  an  entire  Mantis.  In  such  a 
case,  the  movements  would,  doubtless,  have  been,  to  some 
extent,  consciously  instigated  through  the  Brain  of  the 
animal.  The  above-mentioned  experiment,  however,  shows 
conclusively  that  tbe  movemcntH  of  the  arms  and  claws 
which  were  seen  when  the  thoracic  segment  was  severed 
from  the  head,  must  have  been  executed  through  the  inter- 
vention of  the  single  bilobed  ganglion,  together  with  the 
afibrent  and  efferent  ner^■es  which  the  segment  contains. 

Dr.  Carpenter  says:*  "  If  the  head  of  a  Centipede  be 
cut  off  whilst  it  is  in  motion,  the  body  will  continue  to 
move  onwards  by  the  action  of  its  legs  ;  and  the  same  will 
take  place  in  the  separate  parts,  if  the  body  be  divided 
into  several  distinct  portions.  After  these  actions  have 
come  to  an  end,  they  may  be  excited  again  by  irritating 
any  part  of  the  nerve  centres,  or  the  cut  extreuiily  of  the 
nervous  cord.  The  body  is  moved  forwards  by  the  regular 
and  successive  action  of  the  legs,  as  in  tbo  natural 
slate ;  but  its  movements  are  always  forwands,  never 
•  "  Moiitiil  Physiology,"  3rd  Eaition,  p.  53. 


160 


REKMSX    ACTION    AND 


backwardfl,  and  are  only  directed  to  one  side  when  the 
forward  movement  is  checked  by  an  interposed  obstacle/ 

Tf  we  look  now  to  such  reflex  movemcnfa  as  are  co 
mouly  mauifcsted  by  one  of  the  higher  auimals — a  Froj 
for  instance — we  shall  meet  with  the  same  macbine-Uke 
regnlarity  in  the  execution  of  motor  responses  to  ordina 
stimuli,  the  same   semblance  of  an  intentional  cHort 
accomplish  a  certain  end — even  when  the  animal  has  bo 
deprived  of  its  Brain,  and  when  the  movements  are  the 
fore  as  involuntary  and  unconscious  as  those  of  the  thorai 
segment  of  the  Mantis  above  referred  to. 

After  the  head  and  neck  of  a  narcotized  Fro^r  had  bee 
removed,  Vulpian*  Bli(,'hUy  pinched  a  toe  of  one  of  the 
Htretched-out  hind  limbs,  and  observed,  as  others  ha 
done,  that  this  stimulus  was  quickly  followed  by  a  fiexi 
of  all  the  sef^m'nts  of  the  limb  upou  ooe  another.     The 
same  result  constiiutly  followed  the  application  of  such 
stimulus,  and  as  Vulpian  points   out: — "It  is  not  i 
iudelinite  reaction.      All  the  muscles  do  not  contract ;  for 
if  it  were  so,  there  would  be  forcible  extension  of  the  limb, 
as  in  strychuia  poisoning,  since  the   extensor  muscles  in 
the  frog   are    together  much  stronger  than    the    flexors 

Ilere,    on    the  contrary,    a   certain    number 

muscles  only  contract,  while  the  others  remain   more 
less  inert.     There  is  a  oontmctiou  of  muscles  combined  iu 
such  a  manner  as  to  produce  a  particular  result,  and  the 
result  of  these  harmonized  contractions  is  to  withdraw 
limb  from  Ihe  exciting  cause." 

A  much  stronger  excitation  applied  to  one  of  the  hin 
paws  of  this  heaclless  Frog  will  lead  to  a  different  reocti 
bat  still  to  one  "which  is  always  lYje  same   under  sira 
oondithna.     Wo  no  longer  witncBs  a  movement  of  flaxion 
in  t})o  l\fiih  til.  tit  has  been   Viuched,  but  hoth  it  and 
•  *■  Jv  1.       "%^\iy^»olijic  du  S>f»V^m*"K«Tveux;'  p,  415^ 
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corresponding  limb  are  suddenly  extended;  and  '*  this 
movement  of  the  two  legs  is,"  as  Viilpian  says,  "  that 
which  in  most  appropriate,  either  to  repel  the  cause  of 
irritation  or  to  shoot  the  animal  forward,  and  so  remove 
it  from  the  influence  of  the  initaling  agent.'* 

Again,  if  the  skiu  of  the  side  of  the  body  is  slightly 
pinched  in  a  headless  irog,  the  foot  of  the  hind  limb  on 
the  same  side  is  brought  up  so  as  to  endca\our  to  rub 
away  the  irritating  agent.  Here  also  we  have  a  complex 
movement  brought  about  by  miiny  muscles  detiuitely  com- 
bined and  adapted  to  obtain  a  certain  result.  But  the 
particular  movements  executed  always  vary  in  accordance 
with  the  site  of  irritation.  Thus,  a  pinch  at  the  posterior 
extremity  of  the  trunk,  evokes  wholly  dill'erent  movements 
from  those  just  described.  In  this  case,  according  to  the 
same  authority,  "  There  is  a  new  combination  of  muscular 
contractions,  by  means  of  which  the  f^et  are  first  brought 
towards  the  point  irrit4ited  and  there  pressed  t<>gether,  and 
then  the  limbs  are  suddenly  extended,  thus  giving  rise  to 
the  movement  most  suitable  for  rcpolling  the  cause  of 
irritation." 

In  addition  to  the  instances  already  cited  there  is  the 
celebrated  experiment  of  Plliiger  still  to  bo  mentioned,  in 
which  the  reflex  act  evoked  was  so  definite  and  purposive 
aa  to  lead  him  to  claim  for  the  Spinal  Cord  a  kind  of  con- 
scious perceptive  power,  similar  to  that  which  physiologists 
generally  restrict  to  the  Brain.  Ho  placed  a  drop  of  acotio 
acid  on  the  upper  part  of  the  thigh  of  a  decapitated  Frog, 
and  the  segments  of  tlie  corresponding  limb  were  quirkly 
flexed,  80  that  the  foot  was  made  to  rub  the  seat  of  irrita- 
tion. He  then  amputated  this  foot  of  the  headless  animal 
before  reapply! ug  the  acetic  acid.  The  result  was  most 
remarkable.  The  maimed  animal  began  to  make  fresh 
eflbrta  to  rub  the  irritated  spot,  but  was  unable  to  reach 
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it  now  that  the  foot  was  removod.  After  some  momeDtfl 
of  agitatioD}  as  if  the  brainless  creature  were  seeking  a  new 
ruciins  of  accomplishing  its  en<l,  the  motor  stimulus  flowed 
out  iu  n  different  direction,  Cftusing  the  animal  to  bend 
the  limb  of  the  other  side  till  with  its  foot  it  succeed 
in  rubbing  the  irritated  region. 

Thus,  as  Vulpian  says, — '*  Each  spot  in-itated  acts  as  a 
kind  of  spring  for  calling  into  play  a  mcchanisiu  which 
varies  according  to  the  point  oxeited,  and  according  to  the 
intensity  of  the  excitation.  But  i  ach  mechanism  that  is 
called  into  play  always  dctenninea  a  tendency  to  remove 
tlie  rpoi<m  iiriuted  from  tht?  irritating  cause.  The  efforts 
differ,  Iho  mochanism  dilTera  also,  but  both  are  always 
appropriate,  and,  as  it  were,  chosen.*' 

Multitudes  of  reflex  acts  having  the  same  general 
characteristics  are  quite  familiar  to  us  from  their  occur- 
rence in  the  higher  animals  and  in  man.  Of  these 
may  sufljce  to  mention  the  closure  of  the  eyelid  before  aa 
approficbing  body,  the  rapid  drawing  away  of  the  paw  or 
hand  from  injury,  the  throwing  out  of  the  arms  in  the 
of  fulling,  the  movements  of  suction  and  deglutition 
following  impressions  on  mouth  and  throat,  together  with 
the  acta  of  vomitiug,  coughing,  and  sneezing. 


nd 


It  will  have  been  seen  that  there  are  two  distinct 
sides  to  the  process  which  we  have  hitherto  been  oonsidei 
ing.  We  have  to  take  into  account  what  occurs  on  tl 
side  of  'ingoing  currents,'  in  the  nervous  centre;  auJj 
also  what  occurs  on  the  side  of  *  outgoing  currents.*  Tha 
latter  processes  are  the  distinct  sequences  of  the  former  ,* 
and  if  we  have  inverted  the  proper  oi-dor  of  description, 
and  have  rrfrrred  inoro  especially,  io  the  first  place,  to 

tgraduixl  growth  of  the  power  of  performing  adaptive 
nentsi  it  is  only  because  such  an  inversion  of  the 
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Nl       natural  order  Las  oounnetided  itnelf  from  the  peculiarities 
I      of  the  facts  to  be  explfliueJ. 
^H     As  to  the  exiBtence  or  imturo  of  the  phenoiaenii  which 
^Bake  pluce  ou  the  side  of  the  iugoiug  current  in  lower 
^Hiuimals  we   can  know  nothing  directly.      We  can  only 
^™rtifer  that  processes  of  great  importance  occur  ou  this 
Bide,  because  of  the  increasin;?ly  complex  aud  purposive 
eiharactcrof  the  movements  which  higher  or  older  animals 
become  capable  of  manifesting. 
I,  Tlie  characters  of  the  movcmcMts,  therefoic,  are  the 

I  objective  facts,  and  it  is  only  by  an  attentive  study  of 
^wiLem,  and  of  the  conditions  nndcr  which  they  are  mani- 
^Bksted,  that  we  are  entitled  to  come  lo  an  opinion  as  to 
^^fte  oceurrence  of  organic  discrimiuationR  on  the  side  of 
^^he  ingoing  current — as  to  the  existence,  in  fact,  of  what 
ve  can  only  term  '  nnt'onsrious  cognitions.' 


The  increase  in  the  number  and  variety  of  the  nervous 
unpressions.  both  simultaneous  and  successive,  to  which 
Animal  Organisms  beoomo  attuned  to  react,  takes  place 
at  a  comparatively  slow  rate.  The  addition  to  the  receptive 
powers  of  any  one  individual  are  only  slight,  and  it  is 
during  the  period  in  which  it  is  acquiring  these  powers 
that  the  corresponding  structural  changes  will  become 
more  and  more  perfected,  partly  in  the  form  of  new  or 
altered  nerve  cells,  and  partly  by  tUo  formation  of  inter- 
cellular processes  and  connecting  fibres.  And  owiug  to 
the  fact  that  the  germ  or  egg  produced  by  an  organism 
always  tends  to  develop  into  a  form  similar  to  that  of  its 
parent  (similar  that  is  not  only  in  external  shape  but  iu 
the  iulimate  texture  and  arrangement  of  its  or«:;ans  and 
tissues),  the  successive  hneal  dofecendauts  of  any  one  kind 
of  organism  may  iu  effect  be  regarded  as  portions  of  the 
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samo  organism,  gradually  devclopiDg  through  eucccssii 
generutious  or  stages  of  one  life  history.* 

The  doctrine  of  *  Inherited  Acqaisition,'  to  the  onnncia-j 
tion  and  development  of  which  wo  are  so  largely  iodebtei 
to  Ilerbert  Spencer,  explains,  therefore,  how  it  is  thai 
yonng  organisms,  only  just  arrived  at  maturity,  are  often 
better  adapted,  in  some  respects,  to  their  surroundings 
than  were  their  predecessors,  near  or  remote,  at  a  corre- 
sponding age.  Consequently,  if  during  their  lifetimi 
again,  or  during  that  of  their  descendants,  some  furthei 
modes  of  impressibility  (with  corresponding  powers  of 
discrimination)  become  possible  either  in  old  or  in  iievr 
directions;  and  if  simultaneously  there  arises  some  new 
or  altered  capacity  for  acting  in  response  to  these  new 
impressions,  it  will  not  be  difllcult  for  the  reader  to 
understand  that  this  would  constitute  one  important  modo 
in  which  the  nervous  system  slowly  develops  and  bocomea 
more  complex- 

Thns  it  is  that  habitual   or  oft^n   recurring   stimuli  o! 
new  kinds  are  presumed  to  be  constantly   leaving   their 
traces  in  tho    plastic    tissues  of   lower    organisms,    ani 
inducing  such  structural  modifications  in  them  as  tend 
only  to  make  the  recurrence  of  similar  impressions  vat 
easy,  but  also  to  render  the  reception   and  recognition" 
of  new  impressions  more  possible. 

Most  of  us  must  bo  famihar  with  the  fact  that  by 
concentration  of  Attention   in  certain  directions,  aided 
voluntary  efforts,  we  are  capable  of  incTcasing  our  powei 
of  Discrimination  in  the  mnge  of  eitlier  of  the  senses, 

♦  The  niuny  influonce*  capable  of  accelerating  or  ret&rdiag  . 

kina  of  race  development  cannot  here  be  o-^en  cnnmorated.    Sul 

it  to  any  that  »ome  of  the   pHncipiil   oi    "tW  huvo  been  deacribed 

•^rigtn  ot  Specie*,    and  ou     =>«»«**  ^^ 
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that  each  new  acquirement  renders  possible  other  and 
more  refined  disoriminations.  But  there  is  reason  to 
believe  that,  even  without  coDBcious  voluntary  efforts,  the 
same  kind  of  progress  (thoagh  more  slowly)  is  capable  of 
being  brought  about  by  the  action  upon  the  organism  of 
all  the  varying  influences  by  which  it  is  surrounded. 

The  mode  by  which  mere  *  organic  discriminations  '  are 
rendered  possible  may  be,  in  part,  illastrated  by  reference 
to  tlie  building  up  of  the  links  between  conscious  dis- 
criminations and  actions  in  higher  organisms — such  as 
Cephalopoda  and  Fishes. 

Particular  attention  must  be  called  to  the  fact  that 
each  new  imprcasion  which  becomes  registered  is  not 
something  whully  dilferent  from  what  has  gone  before.  It 
is  ratber  some  slight  modification  or  refinement  upon 
impressions  which  hare  preceded  it,  and  just  as  it  takes 
its  origin  in  simiJar  parts  of  the  body,  so  would  H  naturally 
proceed  to  those  same  regions  in  the  central  nervous 
svKlem  to  which  preceding  impressions  of  like  kind 
had  been  transmitted.  The  determining  conditions  and 
route  by  which  tho  impression  travels  could  scarcely  be 
different  in  the  case  of  some  new  visual  impressions,  for 
instance,  from  what  they  had  been  in  regard  to  all  previous 
visual  impressiona.  Thus  the  physical  counterparts  of 
like  kinds  of  old  and  new  imprcssious  are  almost  neccs- 
saiily  brought  into  close  relation  with  one  another,  and 
with  the  same  sets  of  outgoing  nerve  fibres,  however 
these  latter  may  from  time  to  time  be  supplemented  and 
modified  in  their  combinations.  An  organic  continuity, 
in  fact,  is  supposed  to  lie  at  the  root  of  impressions  new 
and  old,  whereby  they  are  classed  at  the  same  time  that 
lh<'y  become  organized.  Intelligence  would  thus  be  sub- 
ject to  actual  *  growth'  in  more  senses  than  one.  The 
process  is  of  course  notably  more  complex  than  it  is  here 
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represented.     Some  of  the  essential  complications  of  th« 
process  are,  however,  of  an  obvious  nature. 

It  is  not  only  that  impressions  of  touch  become  organ! 
cally  related  to  other  impressions  of  the  same  kind,  that 
vibual  impresBions  become  classed  with  visual  impressiona, 
and  so  on.  Unions  also  would  seem  to  spi-ingnp  in  some 
less  explicable  way  l)etween  central  nenre  units  of  dilTerent 
orders — that  is,  between  contiguous  sensory  ganglia.  Thus 
if  in  the  oxperionce  of  any  organism,  such  as  a  Cuttle- 
fish, visual  impressions  are  usually  quickly  followed  by 
tactile  impressions,  it  would  seem  for  varions  reasons  to 
l>e  almost  certain  that  communicating  fibres  would  become 
developed  between  corresponding  portions  of  the  visual 
and  tactile  ganglia,  and  any  motor  response  that  mtgh 
follow  would  thus  be  either  directly  or  iudirrctty  relat 
to  foci  of  eicitcmcnt  in  both  these  sense  centres.  In  t 
same  manner  the  odour  from  some  Cod-fish,  or  oth 
object  of  prey,  may  reach  the  voracious  Shark  either  before 
the  object  is  seen  or  sinialtaneon^ly,  and  these  two  im- 
pressions will,  in  a  very  large  number  of  cases,  be  followed 
by  certain  tactile  and  by  certain  gustatory  impressions. 
The  first  impressions  become  related  to  and  may  find  an 
outcome  in  the  production  of  movements  of  pursuit ;  while 
those  engendered  during  the  process  of  capture  (viz.,  of 
touch  and  taste  combined)  immediately  call  into  play  the 
complicated  simultaneous  and  successi^'e  movements  of 
jaws,  throat,  cesophagus,  and  stomach,  which  form  part  of, 
or  are  accustomed  to  succeed,  the  act  of  swallowing. 


From  what  lias  been  siiid  in  this  chapter,  it  may  be 
safely  concluded  that  as,  by  the  frequent  repetition  of  like 
stimuli,  the  structural  connections  of  nerve  currents  (or 
the  precise  paths  of  ingoing  impressions  through  nerve 
centres  aud  along  outgoing  ucrvc  fibres)  are  developed  and 
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reudcrod  definite,  ho  ccrtaiu  appropnnte  actions  will  follow 
certain  impressions  with  unfailing  regularity  and  precision. 
There  goes  on,  as  it  were,  an  organization  of  'Intelli- 
gence *  primarily  of  the  organic  or  unconscious  kind,  which 
is  the  hidden  cause  of  the  purposive  character  displayed 
by  80  many  movements. 

We  say  that  the  process  is  primarily  of  the  organic 
or  unconscious  type,  hecause  one  may  witness  even 
in  Mcduste  and  in  organisms  only  a  litilo  above  them 
actions  *of  a  purposive  type  in  response  to  stimuli  acting 
nptin  different  parts  of  their  hodics.  And  it  is  diiBcnlt 
to  believe  that  the  Neural  Developments  in  such  creatures, 
by  means  of  which  the  several  Tnotions  follow  in  response 
to  the  several  stimuli,  can  have  been  brought  about  under 
the  influence  of  any  distinct  *  conscious  '  guidance.  We 
have  here,  doubtless,  to  do  with  '  organic  processes  *  only 
a  few  degreea  more  complex  than  those  which  may  take 
place  in  a  Sun-dew  or  other  *  Sensitive  Plant,' 

Orgai!ic  processes  of  the  same  kind  possibly  oonstitnte 
the  busis  or  starting  point  for  all  subsequent  neural  de- 
velopments and  Mental  Acquisitions,  even  when  in  higher 
animals  such  processes  become  quickened,  in  some 
further  unknown  manner,  under  the  directive  influence  of 
Conscious  Efforts  of  gradually  increasing  distinctness. 


CHAPTER   XIL 
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Nkurolooy  may  be  advantapeously  studitid  by  beginning 
with  the  iDTCBtigation  of  the  simploBt  and  earlicBt  forms 
of  the  Nervous  System,  and  Ibouce  proceeding  to  exnmine 
its  more  and  more  complex  types.  A  wholly  diflerent 
order  is,  however,  compulsory,  in  regard  to  Psychology. 
Its  'subjective*  division  constitutes  for  each  of  us  the 
sphere  of  positive  knowledge  in  regard  to  this  subject ; 
while  that  portion  of  '  objective '  Psychology  having 
reference  to  the  mcutul  states  or  processes  of  our  fellow- 
men  has  the  next  greatest  amount  ot  certainty  for  us — 
since  the  human  faculty  of  Articulabo  Speech  enables 
U9  to  compare,  to  some  extent,  the  subjective  cxpcriencea 
of  other  men  with  our  own. 

Objective  Psychology,  bo  far  as  it  relutns  to  inferior 
forms  of  life,  is  merely  a  field  for  more  or  less  probable 
conjecture,  in  which  the  ba^is  of  certainty  diminishes  the 
further  we  depart  from  the  human  type.  Knowledge 
garnered  from  our  own  experiences  and  those  of  our 
fellow-croatnres  afibrds,  as  it  were,  the  lamp  wherewith  we 
seek  to  illuminate  the  dark  places  of  animal  Psychology. 
Hence  it  is  necessary  for  us  in  the  first  place,  before 
attera]tting  to  consider  the  mental  processes  of  lower 
animals,  to  look  to  some  of  the  fundamental  facts  per- 
taining to  human  Psychology.      The  previous  consideration 
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of  '  Reflex  Action  and  Unconscious  Cognition,'  will  be 
found  to  be  a  fully  justifwhlG  procedure,  and  it  was  equally 
desirable  that  its  consideration  should  have  been  prefaced 
by  an  enquiry  as  to  the  scope  of  'Mind  '  and  the  nature 
of  mental  phenomena. 

Descartes,  Leibnitz,  Spinosa,  and  other  philosophers 
Lave,  as  Sir  William  Hamilton  reminds  us,  been  led  to 
regard  **the  faculty  of  Cognition  ag  the  fundamental 
power  of  mind  from  which  all  others  are  derivative  ; " 
^'hile  Condillac  and  his  school  attributed  this  rank  to 
Sensation  rather  than  to  Cognition,  and  similarly  derived 
all  other  mental  faculties  from  this  as  a  base  or  starting 
point. 

It  wonld  not  bo  in  accordance  with  the  point  of  view 
of  Evolutionists  to  say  that  either  of  these  faculties  could 
generate  all  the  others.  If  we  grant  it  to  bo  true,  that  one 
or  other  of  them — either  Cognition  or  Sensation — docs, 
in  fact,  constitute  the  primary  manifestation  of  mental 
activity,  we  should  rather  say,  that  as  the  nervous  actions 
upon  which  the  mental  process  is  dependent  grow  more 
complex,  so  may  other  so-called  *  faculties '  of  mind  be 
gradually  engendered  as  rektcd  phases  of  the  same  neu- 
rological activity,  and  marked  by  a  growing  tendency  to 
become  more  and  more  distinct  fi*om  one  another. 

As  to  which  of  the  mental  modes  or  manifestations  is 
to  be  regarded  as  primary,  there  seems  to  ua  to  be  little 
room  for  doubt.  Hamilton  truly  observes*: — **The 
faculty  of  knowledge  is  certainly  the  first  in  order^  inas- 
much as  it  is  the  conditio  sine  qtid  non  of  the  others  ;  and 
we  are  able  to  conceive  a  beiug  possessed  of  the  power  of 
recognizing  existence,  and  yet  wholly  void  of  all  feeling  of 
pain  and  pleasure,  and  of  all  powers  of  desire  and  voli- 
tion.    On   the  other  hand,  we  are  wholly  unable  to  con- 

♦  '*  Lectarea  on  Metaphysics."    Fifth  Edition,  vol  i.,  p.  188. 
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ceive  a  being  possessed  of  feeling  and  desire,  and.  at  ibe 
same  time,  without  u  knowledge  of  auy  object  u{K)n  Vihic 
his  aiTcctious  miij  be  emplo^'ed,  and  withoiiTa  conscionS' 
ness  of  these  affections  themselves." 

Some  highly  significant  facts  have,  indeed,  already  been 
mentioned,  tending  to  show  that  mere  organic  discriminn- 
tions  or  Cognitions  may  be  manifested  by  plants,  lower 
animals,  or  even  parts  of  animals  under  (xinditions  in 
which  it  is  not  warrantable  to  assume  the  co-existence  of 
anything  like  that  which  we  know  as  Conscioasness  or 
Feeling.  We  have  seen  some  and  shall  find  more  reason 
for  believing  that  Feeling,  in  its  ordinary  acceptation,  is 
gradually  superadded,  in  higher  forms  of  animal  life,  as 
a  newly-begotten  accompaniment  of  nerve  actions  which 
hitherto,  in  lower  forms,  have  been  unendowed  with  an 
distinct  subjective  phasis.  At  first  we  may  have  the  exis 
ence  of  unconscious  impressions  and  mere  organic  di 
criminations ;  while  afterwards,  during  the  evolution  of 
the  animal  series,  and  consequently  of  nerve  centres,  we 
suppose  the  superaddition  to  Some  nervous  actions  of  s 
more  and  more  definite  subjective  phasis,  answering  to 
lower  grades  of  what  each  of  ns  knows  in  himself  only — 
during  processes  of  Sensation  or  Perception  more  especiallj* 

We  must  now  look,  from  onr  human  point  of  view,  to 
what  is  included  under  these  latter  terms.     James  Mill 
Bhys,* — "What  we  commonly  mean  when  we  use  the 
[terms    Sensatiox   or   phenomena  of  Sensation,    aro    the 
i^.fc  wlM.-h  wo  have  by  the  five   senses — Sm^ll,    7a»l«, 
•<rA,  and  Si'jht.    These  are  the  feelings  from 
■ir  notions  of  what  we  denomiuaie  the 
h«  things  by    ^Vich  w©  ar*  surrounded. 
u'U    W*   smoll  a   ro«e  vh«t«  \s  k  l»arlicular 
■    ^  vt\el  troTa  aW  others, 
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which  we  mean  to  denote  when  wo  call  it  the  emell  of  the 
rose.     In  like  manner  we  speak  of  the  smell  of  hay,  the 

smell  of  tarpeutine,   and   the  smell  of  a   fox 

We  can  distiugaish  this  feeling,  this  consciousness ,  the 
Bensution  of  smell,  from  everv  other  sensation.  Smell 
and  Sound  are  two  very  diifercnt  things;  so  are  Smell 
and  Sight.  The  smell  of  a  rose  is  different  from  the 
colour  of  the  rose ;  it  is  also  different  from  the  smooth- 
ness of  the  rose,  or  the  sensutiou  wc  have  hr  touching  the 

rose In  all  these  eases  what  we  speak  of  is  a 

point  of  conscioosnesH,  a  thing  which  we  can  describe  no 
otherwise  than  hy  calling  it  a  feeling;  a  part  of  that 
serieSr  that  succession,  that  flow  of  something,  ou  account 
of  which  we  call  ourselves  living  or  sensitive   creatures. 

The  feelings,  however,  which  belong  to  the  five 

external  Senses  are  not  a  fall  enumeration  of  the  feelings 
which  it  seems  proper  to  rank  under  the  head  of  Sensa- 
tions, and  which  mnst  be  considered  as  hearing  an 
important  part  in  those  complicated  phenomena  which  it 
is  our  principal  business  in  this  inquiry  to  separate  into 
their  principal  elements  and  explain.  Of  these  unnamed 
and  generally  unregarded  sensations,  two  pnncipal  classes 
may  bo  distinguished  :— first,  Those  whirh  accompany 
the  action  of  the  several  Muscles  of  the  body ;  and 
secondly,  those  which  hare  their  place  in  the  Alimentary 

nal  [and  other  internal  Viscera]." 

This  explanation  of  the  word  Sensation  is  clear  aud 
leaves  room  for  no  uncertainty.  The  term  is  seen  to  be 
interchangeable  with  the  word  Feeling,  although  the  latter 
has  a  wider  signific-ation  and  is  applicablo  to  every  modi- 
fication of  Consciousness  whatsoever.  For  instance,  we 
are  said  to  feel  excited  or  depressed,  we  feel  fearful  or 
confident,  we  feel  joy  and  sorrow,  we  feel  love  and  hatred 
— though  these  various   emotional  or  moral   states   are 
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Bometimes  distin^isbed  from  oar  nM>re  primuj  and 
simpler  feelmgs  by  calltag  tbem  '  ScatimenU." 

In  addition,  however,  to  the  'simple*  Sensations  exp«iv 
enced  through  the  actiritj  of  the  organs  of  any  one  sense, 
we  are  capable  of  experiencing  elasteni  of  fdmalt&neoas 
sensations  from  some  external  object.  It  is  in  pait 
by  the  diffcreucos  existing  between  sach  clasters  of  ssiih 
sations  that  we  are  able  to  dLstingoish  '  external  obj^ets' 
from  one  another.  Each  cluster  may  be  said  for  iba' 
present  to  answer  to  a  kind  of  '  complex '  Sensation,  and 
this  we  are  accustomed  to  denote  by  the  name  of  the 
eonespooding  object.  A  qnalification  of  this  statemeui 
will,  however,  sabsequentlj  be  needed. 

James  Mill  says, — *'  The  name  rose  in  the  mark  of  a 
sensttliuD  of  colour,  a  sensation  of  shape,  a  sensatioa  of 
touch,  a  sensation  of  smell,  all  in  conjunction.  The 
name  water  is  the  mark  of  a  sensation  of  colonxi  a  sensa- 
tion of  touch,  a  sensation  of  taste,  and  other  sensations, 
regarded  not  separately  but  as  a  compound."  But  as  the 
flam«  writer  adds : — **  We  not  only  give  names  to  clufitera 
of  sensations,  but  to  clusters  of  clusters ;  that  is,  to  a 
number  of  minor  clunters,  united  into  a  greater  cluster. 
Tbtts  we  give  the  name  '  wood  *  to  a  porticular  cluster  of 
sensations, the  name  'canvas'  to  anotlier.  the  name  'rope* 
to  another.  To  these  clusters,  and  many  others,  joined 
together  in  one  great  cluster,  we  give  the  name  *8hip.*  To 
a  number  of  these  great  clusters  united  into  one  wo  give 
the  name  '  fieet'  and  so  on.  How  great  a  number  of  dusters 
are  united  in  the  term  'house'  ?  And  how  many  more  in 
the  term  'city'?" 

But  another  term  must  now  be  defined.  A  Sensation, 
whether  '  simple '  or  *  complex,'  which  baa  once  been  ex- 
perienced is,  as  we  all  know,  apt  to  persist  or  to  be  revived 
in  memory.     On  this  subject,  ^gsin,  James  Mill  writes 
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"  It  is  a  known  part  of  oar  constitation  that  when  oqi 
sensations  cease,  by  the  absence  o(  their  objects,  some- 
thing remains.  After  I  have  soon  the  sun,  and  by  shnt- 
ting  my  eyes  sec  him  no  longer,  I  can  still  think  of  him. 
I  have  still  a  feeling,  the  consequence  of  the  sensation 
which — though  I  can  distinguish  it  from  the  sensation  and 
treat  of  it  aa  not  the  sensation,  but  something  different 
from  the  sensation — is  yet  more  like  the  sensation  than 
anything  else  can  be ;  bo  like  that  I  call  it  a  copy,  an 

image,   of   the   sensation Another  name  by 

which  we  denote  this  trac^,  this  copy  of  the  sensation, 

which  remains  after  the  sensation  ceases,  is  Idea 

The  word  Idea  in  this  sense  will  express  no  theory  what- 
soever ;  nothing  but  the  bare  fact,  which  is  indisputable. 
"We  have  two  classes  of  feelings  :  one,  that  which  exists 
when  the  object  of  sense  is  present ;  another,  that  which 
exists  after  the  object  of  sense  has  ceased  to  exist.  The 
one  class  of  feelings  I  call  Sensations,  the  other  class  of 

feelings  I  call  Ideas As  each  of  our  senses  has 

its  separate  class  of  sensations,  so  each  has  its  separate 
class  of  ideas.  We  have  ideas  of  sight,  ideas  of  touch, 
ideas  of  htariug,  ideas  of  taste,  and  ideas  of  smell." 
These  copies  of  aeusatioiia  iniiy  rt?cnr  singly  or  in 
clusters,  so  that  they,  like  Sensations,  are  and  havo  been 
long  classified  as  '  simple  '  and  *  complex.*  For  the  pro- 
cess of  recurrence  itself,  which  of  course  varies  much  in 
mplexity,  James  Mill  projKJsed  the  term  Ideatidn. 


But  in  referring  to  the  sensations  derived  from,  and 
the  realization  of  the  nature  of,  an  '  external  object,'  we 
have  passed  beyond  the  range  of  *  Sensation  proper,'  and 
have  encroached  upon  what  is  commonly  considered  as 
'  Perception  proper.*  The  lull  meaning  and  explanation  of 
this  statement  will  become  plain  if  we  brieSy  consider  the 
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Older  in  wbieh  oar  Sensations  and  Ideas  ooenr,  and  the 
XDodea  in  which  they  combine  with  one  another. 

With  respect  to  the  ord<^  of  oar  Sensations,  it  is  obvioni 
enough  that,  to  a  considerable  extent,  ther  occur  aeco 
ing  to  the  order  establiehed  among  what  ve  call 
objects  and  phenomena  of  nature ;  and  that  thes^ 
diviBible  into  two  catcf^ries: — (1)  the  fivuchronons  oi 
and  (2)  the  snecessiTe  order.  As  James  Mill  saya : — **  The 
synchponons  order,  or  order  of  simnltaneons  existence,  is 
the  order  in  space  ;  the  saci^essivo  order,  or  order  of 
antecodent  and  consequent  existence,  is  the  order  in  time. 
Thus  the  various  objects  in  my  room,  the  chairs,  th« 
tables,  the  books,  have  the  syuchronous  order,  or  order  in 
space.  The  falling  of  the  spark  and  the  explosion  of 
gunpowder  have  the  successive  order,  or  order  in  time. 

We  habitually  receive,  therefore  ."synchronous  Sensati 
from  external  objects  co-existing  in  space,  and  we  as 
habitually  receive  trains  of  successive  Sensations  follow- 
iiig  one  another  in  time.  And  as  Ideas  are  merely  weak 
copies  or  revivals  of  Sensations,  it  is  only  natural  to 
expect  that  they  would,  as  tbey  do,  derive  their  order  in 
tbe  main  from  that  of  our  sensations.  On  this  head 
Herbert  Spencer*  remarks, — •'  the  ptrtisUnce  of  the  con- 
nection between  states  of  consciousness  is  proportionate 
to  the  persigtence  of  the  connection  between  the  agencies 
to  which  they  answer.  The  relations  between  external 
o])jecta,  attributes,  acts,  are  of  all  grades  from  the 
neceflsaiy  to  the  fortnitous.  The  relations  between  the 
auswcrinf^  states  of  consciousness  must  similarly  be  of 
all  grades  from  the  necessary  to  the  fortuitous.*' 

Now  it  so  happens  that  '*  of  the  objects  from  which  we 

derivo  the  greatest  port  of  our  sensations,  most  of  those 

which  are  observed  synchronically  are  frequently  observed 

•  •'rnnci(.lc8  of  Psychology/*  vol.  i.  p.  448, 
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^Hyuti^roaically ;  most  of  those  which  are  observed  succes- 

^■hivelj  are  frequeutly  observed  successively."  *     Bat  the 

^^nffects  of  such  repetitions  of  SonsatioDS,  *  associated  '  by 

their  occurrence  either  '*  precisely  at  the  same  instant  of 

time    or    in    the    contiguous    snoe^^ssive    instants,"    and 

(whether  referring  to  the  same  object  or  to  different  ob- 
fects,  were  clearly  enanciated  nearly  a  century  and  a  half 
■go  by  Hartley  in  his  celebrated  *  Doctrine  of  Associa- 
lion.'f  He  then  laid  down  the  fulkiwiug  important  law 
of  Mind  : — *^Antf  SensationSf  A,B,C,  cfc,  by  h*i'imj  asuo' 
dated  with  one  atwther  a  snffieirnt  Nnmbfr  of  T'tmcgf  get 
much  a  Potcer  ovt^r  the  correspondimj  Ideas,  a,  />.  c,  itc,, 
that  any  one  of  the  ScMiitlons  A,  when  impressed  alotie, 
nhttll  be  Me  to  excite  in  the  Mhtd  b,  c,  <fT,,  the  Ideas  of 
the  reM."  ^fuBiMiliir  Motions  were  also  Hhown  by 
Hartleyl  to  exhibit  a  similar  tendency  to  cohere  with 
Sensations  and  Ideas,  and  **  the  whole  doctrine  of  nsso- 
ciatiou  "  was  comprised  by  him  in  a  '  theorem  '  to  that 
effect,  almost  precisely  similar  to  what  has  been  ro-aftlrmed 
and  fully  illustrated  in  our  own  time,  by  Alexander  Bain, 
as  •  The  Law  of  Contiguity.' 

Hartley,  moreover,  showed  that "  Simple  Ideas  will  run 
into  complex  ones,  by  means  of  Association  ;  "  and  on  this 
head  James  Mill  says ; — "  Ideas,  also,  which  have  been  ao 
often  conjoined  that  whenever  one  exists  in  the  mind  the 
other  exists  along  with  it,  seem  to  run  into  one  another, 
to  coalesce,  as  it  were,  and  out  of  many  to  form  one  idea, 
which  idea,  however,  in  reality  complex,  appears  to  be  no 
less  simple  than  any  one  of  those  of  which  it  is  com- 
pounded. .  •  ,  The  word 'gold,*  for  example,  or  the  word 
'iron,'  appears  to  express  us  simple  an  idea  as  the  word 

*  Jatnea  Mill,  loc.  cit.,  p.  55. 

t  ••  Olrstrvationa  on  Man."    Siith  Edition,  1834,  p.  41. 

J  Loo.  dt.,  p.  65. 
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'  colour'  or  the  word  *  sound.'  Yet  it  is  imixiediateljr  t 
that  the  idea  of  each  of  those  metals  is  made  up  of  the 
separate  ideas  of  several  sensations:  colour,  hardness, 
extcusioa,  weight.  Those  ideas,  however,  present  tlieiu* 
selves  in  snch  intimate  nnion,  that  thej  are  constoutlj 
spoken  of  as  ouo^  not  many.  We  say^  our  idea  of  iron^ 
our  idea  of  gold  ;  aud  it  is  oidy  with  an  effort  that  reflect- 
ing men  perform  the  decomposition,*' 

Ideas  fuse  themselves  in  this  manner  into  clusters,  o 
complex  ideas,  hccause,  being  only  repetitions  or  weak 
copies  of  sensations,  they  are  reproduced  in  the  same  order 
as  the  sensations.  And  the  Sensations  in  question  habita- 
ally  occur  in  clusters  because  the  '  external  objects '  to 
which  they  correspond  usually  impress  the  organism  aim- 
ultaneonsly  through  different  senses.  Thus  it  happens, 
according  to  the  law  above  cited  from  Hartley,  that  when 
any  one  constituent  of  a  natural  cluster  of  sensations 
comes  within  the  range  of  the  corresponding  sense  organs 
of  an  animal,  the  other  possible  impressions  composing  the 
cluster  (and  representing  the  organism's  knowledge  of  the 
externa]  object)  become  simultaneouBly  nascent  in  memory, 
80  that  the  object  is  perceived  or  recognized.  If  in  a  dark 
room  my  hand  comes  upon  an  orange  or  upon  a  book, 
either  of  these  sensations  of  touch  will  immediately  fuse 
with  uasceut  ideas  of  other  ]>0HsibIe  sensations  from  the 
some  object  (whichever  it  may  be)  so  that  this  object  is 
perceived  as  a  present  external  reality.  This,  then,  is  the 
nature  of  the  process  known  as  PEncEPTios :  in  which  wo 
have  A  present  sensation  linking  itself  indissoiubly  by 
'  assnciatinn  *  with  a  complex  idea  derived  from  onr  past 
experiences  with  similar  objects.  It  is  not,  as  James  Mill 
implies,  the  appreciation  of  a  mere  '  cluster  of  sensations.' 

Thus  it  happens   that  an  object  is  recognized  imme- 
diately or  intuitively,  not  so  much  by  the  mere  singh 
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donble  presenl  inopression,  as  by  the  blending  of  this 

^witb  more  or  less  fully  revived  meiBories  of  other  impres- 

^Mons  which  have  at  various  times  been  associated  with 

^phe  Bame  object.     Truly  eiioii>,'h,  as  Bain  says: — *'  When 

we  see,  hear,  touch,  or  move,  what  comes  before  as  is 

really  conlributcd   more  by  the  mind  itself  than  by  the 

present  object." 

Diflferent  Perceptions,  as  the  reader  will  easily  under- 
stand, vary  immensely  in  the  complexity  of  their  contents. 
This  quality  is  always  strictly  dependent  upon  the  wealth 
of  antecedent  experiences  in  relation  to  any  object  present 
to  sense,  both  in  the  individual  itself  and  iu  the  race 
im  which  it  has  l>een  derived.  The  natural  simpli- 
or  complexity  of  the  object  perceived  is  also,  of 
of  great  importance.  Tbe  possible  impressions 
comprised    in    the    perception    of   a  bar  of  *  iron  *  are 

PDatuniUy  few  in  comparison  with  those  which  may  be 
included  under  the  perception  of  a  '  house.'  Still,  the 
same  object  may  iu  different  men   excite  perceptions  of 

Kuite  a  different  nature.  A  savage  who  has  never  seen 
unpowdcr  before  would,  for  instance,  have  a  set  of 
otions  called  up  by  the  sight  of  it,  which  would  not  at 
11  correqmnd  with  those  of  an  educated  European  who 
well  knew  its  composition  and  properties.  To  the  one  it 
-would  appear  as  a  black  powder,  and  he  would  perceive  it 
more  or  less  simply  as  such.  The  perception  of  the  same 
Bubatauce  by  the  European,  however,  would  be  much 
more  complex,  containing  more  or  less  fully  revived  ideas 
L^s  to  its  nature,  together  with  half-nascent  memories  of 
^^le  various  kinds  of  effects  which  it  is  capable  of  pro- 
ducing by  explosion, 

A  neuro-pbysiological  interpretation  of  Perception  will 
ire  serve  more  fully  to  elucidiilc  this  important  process, 
id  show  its    harmony  with  what  has   previously  been 
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said  iu  regard  to  the  functioual  activity  of  the  Nervons 
System. 


It  is  only  in  comparatively  low  organisms,  or  in  some  of 
the  nerve  actions  of  higher  organisms,  that  ingoing  im-; 
pressions   would   impinge  upon  a  more  or  less  isolate( 
group  of  nerre-cells,  and  be  thence  transmitted  to  otkc 
cells  and  along  outgoing  fibres  to  groups  of  muscles.    This 
is  what  occurs  in  the  simplest  kinds  of  *  reBex  action.* 
But  just  as  complications  seem  almost  inevitably  to  sprinj 
up  on  the  outgoing  side,  in  the  form  of  new  nervoaf 
connections  between  groups  of  motor  cells  (ser\ing  to  reu* 
der  possible  those  complex  simultaneous  and  successivi 
movements  seen  in  the  more  elaborate  '  reflex  actions 
the  Frog  and  other  animals),  so  in  the  manner  briefly' 
indicated  in   the  last  chapter,  will  analogous  BtrnctnraJ 
complications  spring  up  in  the  highest  nerve  centres  oa 
the  Hide  of  ingoing  currents.     Here  connections  become 
established  between  the  organic  mechanisms   concerned 
with  the  passage  of  Hiiiniltaueous  or  snccessive  impressions^ 
excited  by  objects  in  tlie  outside  world. 

Thus,  in  relation  witli  the  most  familiar  '  external  oi 
jects,*  a  connected  internal  symbolic  register  of  their  attri- 
butes and  relations  is  gradually  established  in  the  Bruin* 
There  is  an  opening  up,  in  some  habitual  but  imperfectl/j 
understood  manner,  of  a  scries  of  interconnecting  channels 
or  fibres  between  particular  cells  in  each  of  the  impreused* 
Sensory  Centres  and  all  the  others.  This  would  always 
occur  in  accordance  wiih  a  fixed  plan  (p.  1G6). 

When,  therefore,  an  external  object  is  '  perceived  *  by 
any  animal  having  developed  sense-organs,  an  impression 
upon  one  or  more  of  its  sense-centres  suffices  to  rous« 
into  simultaneous  conjoint  activity  not  only  these  bat  alsd 
Other  centres  in  porta  of  the  brain  which  have  previouflljd 


fUAP.    XII.] 


AND    PERCEPTION. 


179 


:      con 


l»een  called  into  action  when  an  object  of  the  same  kind 
had  been  proHented.  It  is,  therefore,  by  the  KimultaneouB 
consciousness  and  fusion,  as  it  were,  of  the  subjectire 
es  of  various  new  and  old   impressions  thiit  a  present 

iject  is  *  perceived,'  or  recognized.  It  could  only  be 
by  the  previous  CBtablishnient  of  structural  communica* 

ns  between  the  several  related  sensory  cells,  that  the 

citation  of  those  of  any  one  order  would  .suflico  t.o  revive 
more  or  less  strongly  in  other  groups  just  such  molecular 
changes  as  like  objects  had  on  previous  occasiona  excited. 
And  it  may  be  easily  understood  that  the  molecalar 
movements  initiated  by  any  one  or  two  ingoing  sonso 
impressions,  may  start  from  such  groups  of  cells    and 

euce  flow  over  into   all   communicating   channels    be- 

een  them  and  the  colls  of  other  related  groups — just 
as  outpoured  water  from  some  overfull  lake  or  reservoir 
would  flow  easily  through  any  set  of  connected  channels 
which  might  have  become  established  around  it.  The 
more  definite  the  nervous  paths,  and  the  more  frequently 

ey  have  been  traversed  by  stimuli,  the  easier  will  it  be 
molecular  movements  (as  it  would  be  for  water,  in  the 
illustration  given)  to  flow  along  such  channels  when  the 
next  occasion  arises. 

Some  such  process  as  is  above  indicalcd  would  seem 
to  correspond  physically  with  what  is  known  as  an  act 
of  Perception.  As  the  writer  has  elsewhere*  pointed 
out,  one  of  the  principal  features  of  such  an  act  is  that  it 
tends  to  associate,  as  it  were,  into  one  state  of  conscious- 
ness much  of  the  knowleilge  which  bus  been  derived  at  dif- 
ferent times  and  in  difl'orent  ways  concerning  any  particular 
external  object.  A/Vhen  impressions  from  such  an  object  are 
made  upon  any  sensory  nuclei,  they  strike  first  upon  the 
corresponding  *  perceptive  centres  '  in  the  cerebral  hemi- 
?hy8iolo(yy  of  Thinl*inff."— "  Brit  Med.  Jonrn  ,'*  May.  1889. 
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spheres  and  tbenoe  immediately  radiate  to  other  percep- 
tive centres,  there  to  rouse  the  activities  of  functionally 
related  cells.     This  process  takes  place  with  such  rapidity 
that  the  several  excitations  are  practically  sinaultaneoui 
and  the  combined  effects  are  fused  into  one  single  a< 
of  Perception.      Thus,  I  see  an  orange  at  a  distaDC^^ 
this,  as  an  ohjoct  of  visual  scnsCj  is  simply  a  ronnded 
yellow  area  ;  hut  past  experience  has  led  me  to  know  w] 
are  the  tactile  and  muscular  sensationa  usually  associal 
with  the  sight  impressions — how  it  is  really  a  spherical 
body,  with   a  somewhat   rough   surface.      Then   I  hai 
learned,  also,  that  these  impressions  are  usually  associal 
with  a  certain  odour,  with  a  certain  taste,  a  degree  of 
succulence,  and  certain  internal  visual  characters,  inclut 
ing  a  divisibility  into  segments  and  the  possible  prescni 
of  seeds  within.     A  combination  of  any  of  these^  or  of  a 
host  of  other  revivable  impressions,  may  go  to  constitul 
my  'perception  *  of  an  orange,  and  may  flash  into  conscioi 
neas  more  or  less  simultaneously,  on  the  presentation  of 
the  object  to  the  visual  sense. 


If  we  now  turn  our  attention  to  another  aspect  of  the 
question,  and  look  to  the  notable  diflerenees  existing 
between  different  kinds  of  Sensations,  it  will  gradually 
be  made  plain  that  these  are  marked  off  from  simple 
and  complex  Perceptions  by  differences  of  degree  ral 
than  of  kind,  and  also  that  Emotion  and  Intellect  are, 
their  rudimentary  phases,  alike  inseparablo  even  from 
simple  Sensations. 

Professor  Jiain  says, — **  Some  sensations  are  m* 
pleasures  or  pains,  and  little  else  :  such  are  the  feelings  of 
organic  life,  and  the  sweet  and  bitter  tastes  and  odours. 
Others  stretch  away  into  the  regions  of  pure  intellect,  and 
are   nothing  as  regards   enjoyment  or  suffering,  as.  for 
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example,  a  great  number  of  tbose  of  tbo  three  higher 
BeiiBCB."  This  dilTerence  is  more  fully  oxphiined  when  he 
Biiys,  *'  If  we  examine  the  sensatious  of  organic  life,  Taste, 
and  Smell,  we  shall  tiiul  that,  as  regards  pleasure  and  pain, 
or  in  the  emotionni  point  of  view,  they  are  of  great  conse- 
quence ;  hut  that  they  contribute  very  little  of  the  per- 
znaneut  forms  and  imagery  employed  in  our  xntcllectual 
processes.  This  last  function  is  mainly  served  by  Touch, 
Hearing,  and  Sight,  wliich  may  therefore  bo  called  the  Intel- 
lectual Settses  by  pre-eminence.  They  are  not,  however, 
thereby  prevented  from  8er>'it)g  the  other  function  also,  or 
from  entering  into  the  pleasures  or  pains  of  our  emotional 
life." 

lu  what  is  above  said  the  important  fact  is  implied  that  to 
every  Sensation  there  are  two  sides,  an  *emotionar  and  an 
'intellectual/  and  that  in  some  sense-impressions  the  one, 
and  in  some  the  other,  predominates,  'i'his,  in  slightly 
different  terms  (vix.,  the  inverse  proportion  of  Sensation 
And  Perception),  has  been  strongly  insisted  upon  by  Sir 
"William  Hamilton.  In  illustration  the  following  passage 
may  be  placed  before  the  i-eadcr.  Ho  says  : — **  If  we  take 
a  8ar\'cy  of  the  Senses,  we  shall  find,  that  exactly  in 
proportion  as  each  affords  an  idiopathic  sensation  more 
4>r  less  capable  of  being  carried  to  an  extreme  either  of 
pleasure  or  of  pain,  does  it  afford,  but  in  an  inverse  ratio, 
the  condition  of  an  objective  perception  more  or  less 
distinct.  In  the  senses  of  Sight  and  Hearing,  as  contrasted 
with  those  of  Taste  and  Smell,  the  counter-propositions  are 
precise  and  manifest ;  and  precisely  as  in  animals  these 
latter  senses  gain  in  their  objective  character  as  means  of 
Imowledge,  do  they  lose  in  their  subjective  character  as 
sources  of  pleasurable  or  painful  sensations.  To  a  Dog, 
for  instance,  in  whom  the  sense  of  Smell  is  so  acute,  all 
odours  seem,  in  themselves,  to  be  indifferent.  In  Touch 
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or  Feeling  the  eame  analofE^  holds  good,  and  withiii  itself; 
for  in  this  case,  where  the  sense  is  diffased  throagfaoQt 
the  hodj,  the  sobjectire  and  the  objectiTc  vary  in  thdr 
proportions  at  different  parts.  The  parts  most  sobjectiTelj 
sensible,  those  chiefly  sasceptible  of  pain  and  pJeasoxe, 
faraish  precisely  the  obtnsest  organs  of  toach ;  and  the 
acaleat  organs  of  touch  do  not  possess,  if  ever  even  that, 
more  than  an  average  amonnt  of  snbjectiTe  sensihilitr.** 

Sensation  is,  in  fact,  a  complex  nither  than  a  siinple 
moDtad  process.  It  is  invariaLlv  compoonded  of  Cogni- 
tion and  Feeling. 

That  there  is  a  diseriminatiTe  or 'intelk^nal'  aide  toeTen 
the  mo8t  snbjectiTe  of  oar  Sensations  is  fully  admitted 
by  Hamilton  and  others.    Any  Sensation,  however  simple, 
can  only  be  recoj^nijced  as   such — can   only  become   an 
element  of  our  Conscionsness,   (a)   by  the  simnltaneous      . 
memory  or  revival  of  some  past  impressions,  (6)  by  th|^| 
intuitive  recognition  of  their  likeness  or  uulikeness  to  tht^* 
present  impression,  and  (c)  by  the  similar  recognition  that 
this  is  felt  as  in  a  certain  place.     This  holds  good  evea  fio^H 
Touches    and   Tastoa  which    are   habitually   referred   t^^ 
some  part  of  that  inner   circle  of  the  Non-Ego,  repre- 
sented by  the  organism's  own  body.     And  in  reference  to 
sacb  OJours,  Sounds,  and  Sights  as  are  referred  to  the 
ontaide  world  beyond   the  organism,  it  becomes  plainly 
impoMiblc  to  attempt  to  preserve  any  real  distinction  be- 
tween Sensations  and  Perceptions — since  precisely  the  sanic 
mental  processes  are  involved  in  both.    Thus^  according  to 
Hir  "William  Hamilton,  Perception  also  is  "an  Assertory 
Judffmcni,   that  within   the    sphere  of   sense  an   object 
exUtt,  and  exists  thiu  or  thus  conditioned,"     The  number 
of  the  *  conditions  *  may,  of  conrse,  vary  greatly,  but  without 
altering  the  real  nntnrc  of  the  process.     Indeed  he  subse- 
quently says,  "  It  is  manifestly  impossible  to  discriminate. 


Chap.  531.] 


AND    PERCEPTION. 


188 


^■rith  any  rigour,  Sense  from  Intellect;  "  and  after  calling 
^■ittention  to  the  similar  opinion  held  by  Aristotle,  odds 
^■khese  words,  "  Sensitive  apprehension  is,  in  truth,  only  the 
^vecogaiiioa  by  Intelligence  of  the  phenomena  presented  in 
^^r  through  its  organs/' 

It  Bcems  plain,  thcroforo,  that  a  gradual  transition  may 

^H>e  traced  between  simple  Sensations  and  the  most  elabo- 

^Kate  Perceptions  ;    that  thoro  is  a  dilTorcnce  in  degree, 

Brather  than  in  kind,  between   these  two  processes ;  aud 

tliat  James  Mill,  in  his  "  Analysia  of  tho  Human  Mind," 

wasnotwithont  justiBcation  in  making  no  use  of  the  latter 

term,  and  in  speaking  merely  of  *  simple  '  and  of  'complex' 

Sensations.      Moreover,  it  must  be  steadfastly  borne  in 

mind,  that  in  every  complex  Sensation  (or  Perception)  of 

an  external  object,  there  occurs  an  embodied  cluster  of 

[dgments  aud  inferences,  similar  in  kind  to  those  which 

impose  the  basis  of  all   Intellectual  Action.     Thus  the 

lotiun  that  an  iutellectual  element  outers  iuto  the  very 

rouudwork  of  all  Sensations  is  so  well  founded  as  to  make 

not  at  all  surprising  that  such  an  opinion  should  have 

►eenheld  alike  by  ancient  aud  by  more  modern  philosophers. 

It  will  ho  probably  far  less  diliicult  for  the  general  reader 

acknowledge  the   fact  of  the  close  genetic   relations 

existing  between  Sensations  and  those  complex  states  of 

ding  known  as  Emotions,  than  for  him  to  recognize  the 

•lutionship,  above  pointed  out,  between  Sense  and  Intel- 

?ct.     This  is  natural  enough,  because  those  who  have  not 

reflected  or  read  much  on  these  subjects,  are  apt  not 

adequately  to  appreciate  the  importance  of  the  Intellectual 

element  in  all  Sensations,  though  they  may  have  little 

difficulty  in  recognizing  that  Sensation  and  Emotion  are 

merely  different  kinds  of  Feeling.     It  will  not,  therefore, 

at  present,  bo  necessary  to  dwell  long  upon  this  latter 

ipect  of  the  problem  as  to  the  genesis  of  Mind. 
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We  may  Bnfcly  assume  it  to  be  admitted,  as  a  genei 
truth,  that  Emotions  of  varions  kinds  gradnaUy  mani- 
feut  themKelvGB  und  guiu  in  strent^tb,  as  the  nensorii 
endowments  of  animals,  and  their  relatinnal  correspondeni 
with  their  environment,  increase  in  deduiteness  and  coi 
plexity.  '  Pleftsnres*  and  '  pains*  soon  begin  to  be  realiz< 
as  direct  results  of  their  various  movements  and  sensoi 
activities,  and  ftom  the  traces  of  these  which  survive  in 
the  form  of  nascent  and  clustered  memories  of  man] 
related  sensations,  tliosp  numerous,  vague,  hut  iill-powerfi 
modes  of  Feeling,  commonly  known  as  Emotions,  take 
their  origin,  and  often  seem  to  increase  in  strength 
the  wealth  of  associations  from  which  they  are  derivt 
becomes  organized  and  vridened  in  Buoeessive  genera- 
tions of  animaU.  The  re\'ivnl  of  such  vagne  clustered 
memones  of  *  plensurcB'  or  *  pains  '  usually  follows  fts  a 
direct  result  of  some  Perception.  An  impression  made 
upon  some  organ  of  srnse  may  thence  reverberate  through 
the  brain  so  as  to  produce  a  Perception  of  the  correspond- 
ing object,  and  may  Himullaneously  evoke  Bomo  distinctly 
related  Emotion.* 

This  double  or  two-sided  nature  of  Sensation,  and  the 
necessary  development  from  it  of  the  germs  of  Intellect 
on  the  one  side,  and  of  Emotion  on  the  other,  as  from  a 
common  root,  is  a  fact  of  the  greatest  interest  from  t 
physiological  as  well  as  from  a  philosophiciil  point  of  view. 
We  must  perforce  admit  that  cvcrr  kind  of  6ensatiou  has 
two  distinct  though  closely  related  Hides,  the  one  of  which, 
as  mere  Feeling,  reveals  the  mode  of  affection  of  the  E^Oi 
while  the  other,  us  Discrimination  or  Cognition,  reveals 
the  relations  and  qualities  of  what  we  coll  the  Non^Ega, 

*  On  the  Robject  of  the  genoflia  of  SirotiuD.  the  reiider  may 
consalt  a  chapli-r  in  HorWt  Spencer*8  "Principles  of  P«/- 
chology,"  vol  L  pp.  481-494^ 
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hese  two  compononts  exist  in  every  Sensation,  though, 
AB  Sir  William  Humilton  conteu<l8,  in  an  inverse  ratio. 
The  formulu  of  the  one  is  IJctd,  the  formula  of  the  other 
know.  The  one  is  represented  by  what  has  been  termed 
'  Scnsatiou  proper/  and,  in  its  higher  developments,  by 
Emotions,  and  Moral  Sentiments ;  the  other  by  *  Percep- 
ion  proper/  and,  in  its  higher  developments,  by  Judg- 
ment, Imagination,  Conception,  Reasoning,  or  the  more 
purely  lutvllectiial  PrtMiesses. 

There  is,  indeed,  a  third  aspect  of  Sensation  or  Percep- 
tion, which  has  not  yet  been  mentioned,  though  it  soema 
to  be  one  of  great  importance  in  helping  to  determine  the 
Development  of  Nervous  Structures,  and  the  correlative 
increasing  complexity  of  Mental  Phenomena.  This  is  to 
be  found  in  that  exercise  of  Volition  or  Will  which  enters 
into  every  Perception  under  the  form  of  Attention.  Nor 
pust  it  be  hero  forgotten  that  in  still  another  way  aro 
nsalions  related  to  Volitions.  The  pleasures  and  pains 
Sense,  either  actually  present  or  represented  in  Idea, 
em  unquestionably  to  constitute  the  subjective  sides  of 
oso  neural  processes  which  most  frequently  issue  in  the 
so-called  Volitional  Movements.  hut  this  subject  will 
be  more  fully  considered  in  a  later  chapter. 

It  is  of  great  importance,  however,  here  to  note  that 

tclligeuce,  Sensation,  Emotion,  and  Volition  are  mental 

rocesaes,  the   primary  stages   of   which  are   dependent 

pon,  and  inseparably  connected  with,  different  modes  or 

pects  of  the  functional  acUnty  of  the  Perceptive  Centres; 

d  that  this  conclusion  at  which  wo  have  arrived  is  one 

hich  will  be  found  to  be  quite  Lariuonious  with  the  dicta 

of  philosophers  in  regard  to  human  Psychology.     Thus 

Sh-  Wilham  Hamilton  says*:—'*  In  every,  the  simplest, 

jnodificatious  of  Mind,  Knowledge,  Feehug,  and  Desire  or 

•  "  iMicturcs  on  MfUiphyaics,"  vol  L  p.  188. 
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Will  go  to  coTtstitate  the  meutal  state ;  and  it  is  only  bj 
Ecientific  iibstrociion  tlmt  wo  aro  able  to  analyze  tlie  state 
into  elements  wLich  ore  never  really  existent  but  iu 
mutual  combination.  These  elements  arc  found,  indeed, 
in  very  Tarious  proportions  in  diilerent  states — sometimes 
one  prcpondenites  and  sometiraes  another;  but  there  is 
no  state  it)  which  they  are  not  all  co-existent."  Similar 
views  have  been  even  more  prominently  urged  by  Herbert 
Spencer,  and  they  are,  moreover,  fully  in  accordance  with 
his  general  notittn  thiit  "the  hij^hest  forms  of  psychical 
activity  arise  little  by  little  out  of  the  lowest,  and  cannot 
be  detinitt'ly  separated  from  them 


4 
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But  why,  it  may  bo  asked,  should  progress  be  observi 
in  the  development  of  the  Perceptive  Powers  and  all  tlu 
this  includes,  as  we   pass   frora  lower  to  higher  animals 
and  what  evidence  have  we  that  the  acquirements  and  sus- 
ceptibilities of  one  generation  of  animals  are  handed  down 
to  the  next,  to  be  by  them  improved  upon  and  transmitted 
in  tnm?    Tliese  all-important  questions  now  need  oujH 
brief  but  earnest  attention. 

Life  is  aptly  described  in   general  terms  by  Herbert 
Spencer,  as   **  the  continuous  adaptation  of  internal 
external  conditionH.**     Nerve  tissues  and  organs  are, 
we  have  seen  reason  to  believe,  at  once  the  result  of  Ihil 
correspondence,  and  the  naenns  whereby  it  becomes  orgai 
ically  registered.     And  as  mental  phenomena  are  held 
result  from  the  actions  of  this  registering  mechanism,  tho] 
must  necessarily  show  sometlung  of  that  continuity  which 
exists  in  the  mechanism  itself.     As  the  degree  of  rorro- 
spondence  between    tho  organism  and    its    surroundiui 
increases,  tho  sum  total  of  mental  phenomena  must 


♦  B< «  "  Principleg  of  Phjaiology,"  vol.  iL  pp.  51fi-516. 
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icreased  and  modified  in  a  miiiincr  related  to  the  now 

ivelopaients  and  niodificatiouB  taking  pluco  in  the  regis- 

triug  mechauism  itself. 

There  must,  therefore,  from  the  very  nature  of  things, 

[ways  exist  an  organized  continuity  in   the  mental  phe- 

iineua  possible  to  organisms,  quite  independent  of  tho 

nature  of  tho  phenomena  themselves — -that  is,   whether 

they  be  high  or  low,  complex  or  simple.      The  mental 

processes,   moreover,   whose  nervous   substrata  arc  fully 

Hn-ganized,  would,  in  accordance  with  this  view  and  with 

^Bbe  doctrine  of  hereditary  tranBrnisHion,  always  represent 

^^hat  is  most  permanent  or  habitual  in   the  experiences 

of  tho  race.     Mind  thus  truly  becomes,  and  cannot  ba 

other  than,  a  faithful  reflex  of   the   vital  relations   and 

activities  of  the  orj^inism. 

^V    The  doctiine  of  '  Liheritod  Acquisition  *  is   not   only 

^^ridcly  applicable  in  explanation  of  the  genesis  of  Mind  in 

the  animal  scries ;  it  suflices,  moreover,  to  reconcile  the 

adverse  doctrines  of  the  '  Transcendental  *  and  the  '  Em- 

Rirical '  schools  of  Philosophy.  It  shows  that  tlie  former 
'cro  right  in  a  certain  sense,  in  contending  for  the  exist- 
Dce  of  *  innate  ideas  ';  though,  looked  at  from  a  larger 
|rf)int  of  view,  it  strongly  tends  lo  confirm  the  views  of  the 
experiential  school  of  philosophy.  All  knowledge  comes 
from  *  experience  ' — not£i*om  that  of  the  individual,  except 
to  a  comparatively  small  extent,  but  rather  from  that  of  tho 
race.  This  in  the  main  is  transmitted,  by  the  inheritance 
of  the  ancestral  type  of  nervous  mechanism,  which,  in  pre- 

■eeding  countless  generations,  has  been  slowly  attuned  to  cer- 
tain modes  of  action,  and  needs  only  tho  incidence  of  certain 
impressions  to  set  it  going.     This  is  now  no  mere  theory. 
^^In  so  far  as  it  concenis  Perceptions  and  Instinctive  Acts, 
^Bthe  doctrine  may  be  regarded  as  substantially  proved — 
^■Ihe  highly  interesting  observations  and  experiments   of 
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Douglas  A.  Spaldiiig*  in  relation  to  the  untaught  Porfci>«j 
lions,  Emotions,  and  Motor  Powers  of  Bii-ds,  having  soik] 
plied  a  Jlunl  couBrmiiliou  which  wua  needed. 

Many  of  Spalding's  obseryations  were  made  upon  young 
Chickens,  some  of  which  were  carefully  hooded  aa  thej 
emerfjed  from  the  egg,  and  for  two  or  tliree  days  ihereafler« 
BO  as  not  to  permit  the  incidence  of  any  Sight  impressioni 
The  young  Birds  being  then  placed  on  a  smooth  whll 
surface,  sprinkled  with  some  seeds  and  insects,  the  hoodaj 
were  removed,  and  the  creatures*  acts  were  carefully  timet 
find  duly  recorded  in  a  note-book. 

"Often    al  the   end  of  two  Biinutes,"  Spalding    snys,  "tlioy 
followed  with  their  eyea  the  niovenienta  of  crawling  insects,  torn* 
iug  their  bead  with  all  the  preciaion  of  aa  old  fowl.     In  fruTn  t 
to  fifteen  ininuteH  thoy  pecked  at  sorae  speck  or  inifcct,  showin 
not  incivly  an  inatinctive  perception  of  distance,  hut  an  origin 
ability  to  jndge,  to  meaeure  distance,  with  something  tike  iufuUihle, 

accnracy They  never  missed  by  more  than    a  liair*A< 

breadth,  and  that  too,  whon  the  specks  at  which  they  aimed  wen 
no  bigger,  and  less  vi!^ible,  than  the  small  dut  of  an  V* 

Here,  in  some  detail,  is  an  account  of  the  doings  of 
one  of  these  chicles  immediately  after  it  was  unhoodcd 

"  For  sixmxnates  it  sat  chirping  and  looking  about  it;  at  the  < 
of  that  time  it  followed  with  its  head  and  eyes  tho  movements  of  i 
fly  twelve  inches  distant;  at  ten  minutes  it  made  a  peck  at  its  owl 
toes,  and  the  next  in»tant  it  made  a  vigorons  dart  at  the  fly.  whici 
hud  come  within  reach  of  its  neck,  and  seized  and  axTallowed  it 
the  first  stroke;  for  seven  miuutes  more  it  sat  calling  and  looVin| 
alxiat  it.  when  a  hive-bee  coming  sutHciently  near,  was  seized  at  a 
dart  and  thrown  some  distance,  much  disabled.   For  twenty  minntes 
it  sat  on  the  spot  where  its  eyes  hud  been  unwileJ,  without  attempt- 
ing to  walk  a  step.     It  was  then  pluovd  on  rough  gronnd,  within 
sight  and  call  of  a  ben  with  a  brood  of  its  own  age.    After  stand- 
ing chirping  for  about  a  minute  it  st-arted  off  towards  the  hen, 
displaying  os  keen  a  perception  of  the  qualilicn  of  the  outer  world, 

■  ••Macmilluu's  Mog-rf^ua,"  Ft\jtuttry.  1873, 
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AS  it  waa  ever  lilcely  to  poasosa  in  afterUfc  ...  It  U^Aped  over 
the  smaller  ob&taclea  that  lay  in  its  path,  aud  ran  round  the  larger, 
reaching  the  mother  in  aa  nearly  a  atraiglit  line  aa  the  nature  of 
the  groaod  would  permit.*' 

Experiments  were  also  mnde  with  regard  to  the  sense  of 
Hearing.  Chicks  before  they  had  fully  escaped  from  the 
ehoU  were  rendered  more  or  less  deaf  by  sealing  their  ears 
with  several  folds  of  gummed  paper.  Three  of  them  were 
found,  when  thus  treated,  to  be  so  deaf,  that  they  remained 
perfectly  indifferent  to  the  voice  of  the  mother,  separated 
from  them  by  only  an  inch  board.  After  having  been  kept 
in  ft  bag  in  a  dark  room  till  they  were  between  two  and 
three  days  old,  the  ears  of  these  three  chicks  wore  uncovered, 
and,  Spalding  says,  '*  on  being  placed  within  call  of  the 
mother,  hidden  in  a  box,  thcy^  after  turning  round  a  few 
times,  ran  sti-iiight  to  the  spot  whence  cjime  what  must  hare 
been  very  nearly,  if  not  actually,  the  first  sound  they  had 
ever  heard."  These  facts  are,  as  he  adds,  **  conclaaive 
against  the  theory  that,  in  the  history  of  each  life,  sounds 
are  at  first  but  meaningless  sensations  ;  that,  the  direction 
of  the  sounding  object,  together  with  all  otber  facts  con- 
cerning it,  must  bo  learned  entirely  from  experience." 

But  just  as  young  Chicks  follow  the  call  of  their  mother 
before  they  have  had  any  opportunity  of  associating  that 
fiOttud  with  pleasurable  feelings,  so  do  they,  and  other 
young  birds,  appear  to  be  inspired,  independently  of  all 
education  on  their  part,  with  an  immediate  Emotion  of 
dread,  or  sense  of  danger,  at  the  sight,  or  on  first  hearing 
the  cry,  of  birds  of  prey,  whose  predecessors  have  been 
the  natural  enemies  of  their  predecessors.  Thus,  a  young 
Hawk,  able  to  take  only  short  flights,  was  made  to  hover 
over  a  hen  with  her  first  brood,  then  about  a  week  old. 

"In  the  twitikljnj^  of  an  eye,"  aays  Spalding,  "most  of  the 
chickens  were  hid  araong  grasa  and  huahea.     The  hen  puraued 
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it,  aud  scarcely  had  the  hawk  touched  the  groand,  about  twelve 
yards  from  where  she  had  been  stttiDg.  when  she  fell  a|)oii  it  with 
Buch  fury  that  it  was  with  difficulty  that  I  could  rescue  it  from 
iiamediute  death.  Equally  striking  was  the  effect  ol  the  hawk*i 
voice  when  heard  for  the  6rst  time.  A  yoong  tiirlcey  which  1  had 
adopted  when  chirping  within  the  uncracked  Bhell,  was,  on  the 
morning  of  the  tenth  day  of  its  life,  eating  a  comfortabie  break- 
fast from  my  hand,  when  the  yoang  huwk,  in  a  capboard  jasl 
beside  us,  gave  a  ithrtU  clu^,  chip,  chip.  Like  an  arrow  the  poor 
turkey  shot  to  the  other  side  of  the  room,  and  stood  there  motion- 
less and  dumb  with  fear,  until  the  hnwk  gave  a  second  cry,  whea 
it  darted  out  at  the  open  door,  right  to  the  extreme  end  of  lite 
pnBsage.  and  there,  silent  and  crouched  in  a  corner,  remained  for 
ti-n  minutes.  Several  times  during  thecourae  of  that  day  it  again 
heard  these  alarming  sounds,  aud,  in  every  instusce,  with  similar 
manifestations  of  fear." 

Other  moHt  iutercsting  observations  are  cited  conceming 
tbe  Instinctive  Acts  of  chickens,  duckling.s,  and  young 
turkeys,  more  eppecially  iu  reference  to  their  mode 
seizure  and  disposal  of  food.*  Facts  are  not  wantinj 
moreover,  to  show  that  the  same  kiud  of  inheritauoo 
mental  and  bodily  capacities,  and  of  likes  and  dislikes,^ 
obtains  among  higher  animals.  lustuucos  of  this  will 
be  given  in  a  subsequent  chapter.f  One,  Lowevor, 
here  be  cited. 

"  So  old  is  the  feud,"  says  Spalding,!  "  between  the  cat  and  the 
dog,  that  the  kitten  knows  its  enemy  before  it  is  nblo  to  see  him. 
and  when  its  fear  can  in  no  nay  een-e  it.  One  day  last  month, 
after  fondling  my  dog,  I  put  uiy  hand  iuto  a  basket  containing  four 
blind  kittens,  three  days  old.  The  smell  my  hand  had  carried  with 
it  act  them  puffing  and  spitting  in  a  most  comical  fashion.'* 

Facta  of  the  kind  above  cited  enabled  Douglas  Spaldiug 
to  deduce  the  following  all-important  cohcIusiodb  : — 
(1)  That  young  chickens  can  display  an  intuitive  Perception 

♦  "  MacmilUa'a  Magazine,"  pp.  2S7  and  288.     f  See  pp.  211,  229. 
J  "  Nalurti."  Oct.  7,  iy7&.  p.  &07. 
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by  the  Eye  of  the  primary  qualities  of  the  external  worhl^ 
as  well  as  an  appreciation  of  the  distance  and  direction  of 
sounds  on  the  occasion  of  the  first  exercise  of  the  Ear ; 
(2)  That  chickens  instinctively  bring  into  action  Muscles 
Ibat  were  never  bo  exercised  before,  and  perform  a  scries 
of  delicately  Adjasted  Movements  ending  in  the  accom- 
plishment of  a  dolinitc  act — indcipcndent  of  any  antece- 
dent experience,  and,  therefure,  of  any  '  conception '  of 
sach  act ;  (3)  That  "  in  the  more  important  concerns  of 
their  lives  animals  are  ffuided  by  Knowledge  which  they 
[individually  have  not  gathered  from  experience,'* 

Other  facts  illustrative  of  these  truths  will  be  found 
recorded  in  the  chapter  on  *  Instinct.' 


I    General  Statement  of  Results.     Oar  brief  survey  of 
the  structure  of  Nervous  Systems,  in  passing  from  their 
simplest  forms  to  those  possessed  by  Birds,   has  shown 
that  they  tend   to  become   more  and  more  complex  as 
timals  rise  in  the  scale  of  organization.     We  have   also 
len   reason  for  believing  that   the   Mental   and   Motor 
ibenomena,  of  which  such  organisms  are  capable,  show 
similar  tendency  to  increase  in  complexity. 
The  increase  in  structural  complexity  is  brought  about 
the  growth  and  development  of  nerve-tissues  in  the  indi- 
vidual under  the  stimulus  of  sensory  *  experience  ' ;  aided 
,by  the  continuation,  throngh  the  principle  of  heredity, 
such  new  developments  in  sacceeding  individuals.    By 
^he  more  or  less  universal  repetition  of  such  proooaaes 
along  different  lines  of  development,  slow  structural  pro- 
gressions hove  been  achieved;  and  with  them  have  arisen 
>rreflponding  developments  of  function  in  the  direction  of 
[ental  and  Motor  Phenomena.    Juat  as,  in  the  individual, 
the  appearance  of  new  structure  and  the  occasional  mani- 
^■festAtions  of  new  function  have   been  coeval;  so  the  'in- 
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ean  be  realized  without  an  accompanying  Intellectual 
Activity,  nud  that  though  such  activity  is  simple  and  rudi- 
meutiiry^  in  the  case  of  simple  Sensutious,  it  becomes 
more  detiuito  and  complex  with  the  increasing  manj- 
Bidedness  of  the  multiplying  Perceptions  of  higher 
animals.  He  ■will  then  dimly  see  how  an  increase  of 
Sensorial  Activity  in  successive  generations  of  animals 
necessarily  invblves  a  corresponding  increase  in  Instinc- 
tive and  lutellectaal  Activity,  associHted,  as  we  Bhall  Oud, 
with  a  growing  wealth  of  Emotion  and  more  than  the 
germs  of  Volition.  He  will  then,  too,  be  able  better  to 
realize  the  full  significance  of  the  increasing  development 
and  the  knitting  together  of  the  sensory  ganglia  which  at 
first  compose  the  Brain,  and  the  subsequent  appearance 
of  separate  organs,  the  Cerebral  Lobes^  iu  connection 
with  eaoii  and  all  of  them,  in  which,  the  various  substrata 
for  Sensor}"  Impressious  may  come  into  relation  with  one 
another,  and  in  which,  more  eapocially,  there  may  develop 
the  structur-il  correlatives  whose  activity  is  associated 
with  snch  Perceptions,  Intellectual  Acts,  Emotions,  and 
Volitions,  as  the  several  creatures  are  accustomed  to 
experience  or  manifest. 

If  we  look,  therefore,  to  the  principles  of  *  heredity ' 
generally,  and  to  such  facts  as  have  been  disclosed  by  the 
observations  of  D.  A.  Spalding,  it  becomes  manifest  that 
the  dogma  of  the  schoolmen,  already  quoted,  supported  as 
it  was  by  Gassendi,  Hobbes,  and  later  still  by  Condillac, 
is  no  more  true  for  indindnal  animals  above  the  lower 
grades  than  it  is  for  man  himself.  Each  organism  docs 
not  acquire  all  its  Knowlcd^^e  by  'experience  '  through  the 
avenues  of  Sense — each  inhents  a  complex  mechanism, 
already  attuned  during  the  lives  of  a  long  lino  of  progeni- 
to  be  affected  in  certain  ways  and  to  act  in  certain 
cB.     When,  therefore,  the  phrase  or  dogma  *  nihil  eui 
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in  intdUctu  quod  nan  prius  fueiit  in  $ensu '  was  being 
repented  some  two  contnries  ago  as  an  embodiment  of  the 
reigning  pLiloaophicfll  creed  concerning  the  *  Origin  of 
Ideas/  it  was  with  justice  that  Leibnitz  added — '  nisi 
intdlectns  ipse,'*  if  we  talte  this  latter  phrase,  as  we  may, 
in  accordanco  with  Spencer's  luminous  Wew^  to  represent 
the  possibilities  of  intellectual  aflection  and  action 
queftthcd  to  an  organism  in  the  already  elahbrated  ncr%'ouB 
system  which  it  inherits.  Within  this  nervous  system 
lie  latent  the  creature's  •  forms  of  Intuition/  or  *  forms  of 
Thought/  which  need  only  the  coming  of  appropriate 
Btimuli  to  rouse  them  into  harmonious  action.  It  is  the 
fact  of  the  previous  orderly  organization  of  the  structural 
correlatives  of  mental  processes,  which  causes  some  degree 
of  those  modes  of  mental  affection,  known  to  us  as  Feeling. 
Intellectual  Action^  Emotion,  or  Yolition,  to  be  engen- 
dered even  in  the  young  untanght  organism  in  response 
to  suitable  stimuli. 

Thus  the  several  mental  *  faculties '  may  be  said  to  have 
been  making  their  appearance,  and  gradually  becoming 
more  distinct,  during  the  wholo  period  in  which  a  build- 
ing-up and  organization  of  NervouB  Systems  has  been  in 
progress. 
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CONSCIOUSNESS    IN   LOWER   ANIMALS. 


Rome  of  the  commoD  but  elenieulnry  Conscioua  Statos  of 
Men  having  been  principally  considered  in  Ibo  kst  chap- 
ter, we  have  now  to  turn  our  attention  more  particularly 
to  such  states  in  lower  organisms  and  in  meniLora  of  the 
60-called  'brute  creation.* 

Ai  Bomo  stage  in  the  complication  of  the  nervous  actions 
of  lower  organisms,  as  well  as  of  brutes  generally,  there  is 
good  ground  for  inferring  that  tho  in-going  molecnlar 
movements,  which  traverne  nerve  6brcs  and  thence  diffuse 
ibemBcIves  among  related  groups  of  nervo  cells,  give  rise 
(in  a  way  which  is  inexplicable)  to  what  we  know  and  have 
just  heon  considering  as  Foeling  or  Sensation.  Tho  mere 
molecular  movements  and  changes  in  the  nerve  tissues — 
representing '  impressions  *  in  their  purely  pltysical  aspects 
— are  supposed  to  acquire,  engender,  or,  at  all  events, 
become  associated  with  certain  subjective  phases,  answer- 
ing to  what  we  call  *  States  of  Consciousness/  Though 
nothing  can  be  kuo\Mi  as  to  tho  precise  manner  in  which 
these  supposed  Conscious  States  arise,  it  seems  to  many 
to  be  a  '  legitimate  inference  '  that  a  bond  of  kiuship  must 
exist  between  them  and  the  molecular  movements  of  the 
fibres  and  cells  with  which,  as  commonly  admitted,  they 
are  in  some  manner  intimately  related. 

But  the  very  existence  in  lower  animals  of  any  conscious 
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States  analogous  to  those  which  "we  ourselves  experience,  is 
a  mattor  ouly  of  wm-ranted  iuference.  A  word  or  two  in 
expliination,  and  by  wayof  comment,  will  make  the  truth 
of  this  statemeut  more  obvious. 

All  States  of  Consciousness  whatsoever,  whether  they 
occur  under  the  puiseof  Sensations,  Thoughts,  or  Emotions, 
are  phenomena  which  each  of  us  knows  only  for  himself, 
and  us  existing  iu  himself.  I  see  around  me  fellow-beings 
who  behave  in  many  respects  like  myself,  and  from  the 
fact  of  this  similarity  of  behaviour,  as  well  as  from  what 
ihey  can  tell  nie  (by  articulate  speech),  I  am  able,  lejjiti- 
mately,  to  infer  that  theso  other  beiujtjs  are  possessed  of 
Feelings  very  similar  to  my  own.  This  inference  (with 
or  without  a  full  realization  of  its  grounds)  we  etch  of  us 
miiko,  uTid  tliough  it  bus  been  long  recognized  by  a  few,* 
it  sliould  be  more  generally  known  that  such  au  inference 
is  l>aaed  partly  (a)  upon  our  obsenations  of  the  gestures 
or  movements  of  our  ftllow-men,  under  circumstances 
with  which  we  'are  oursplves  familiar;  and  partly  (b)  on 
our  appreciation  of  the  rcftnlts  of  special  classes  of  move- 
ments, by  which  Emotional  Cries,  Articulate  Speech,  or 
Written  Characters  are  produced.  Tliese  latter,  vocal  or 
graphic,  resnlts  of  special  raovemrnts,  are  only  interprot- 
able  after  prolonged  efforts,  during  which  we  learn  to 
recognize  the  several  Auditory  and  Visual  Symbols,  and 
associate  them  with  corresponding  objects,  acts,  states, 
ideas,  and  their  relations. 

Though  the  conclusion  that  our  fellow-beings  are  sentient 
croatm-es  like  onrselves,  capable  of  Feeling,  Thinking, 
Desiring  and  Willing,  comes  to  most  of  ua  as  a  kind  of 
Intuition  or  self-evident  truth,  not  requiring  any  proof,  it 
is  well   that  readers  should  know  on  what  grounds  thd 

•  See  Dr.  W.  Alison,  art  "Inalinct,"  "Cyclop,  of  Anat.  and 
rhyaioW  vol-  iii.  p-  27. 18:39. 
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iutiiitiou  really  rests,  iu  order  that  they  may  the  mnro 
clearly  reco^^he  the  only  menns  by  which  it  is  possiblo  for 
UB  to  furm  liu  opinion  as  to  the  existence  and  untnro  of 
Conscious  States  in  the  Turious  classes  and  tribes  of  lower 
auiuials. 

Of  course  the  information  obtained  by  ns  through 
Lan^age  (whether  spoken,  written,  or  printed)  as  to  the 
Feelings  and  Thoughts  of  our  fellow-men,  is  overwhelmingly 
greater  and  more  certain  than  that  derivable  La  other  ways. 
Bat  it  is  precisely  this  most  definite  source  of  knowledge 
of  which  we  are  deprived  in  the  case  of  the  lower  animals. 
In  some  of  them  we  find  only  a  more  or  less  vague  emo- 
tional or  gesture  language,  of  which  we  have  examples  in 
the  cries,  chirpings,  or  songs  of  Birds,  and  in  the  sounds, 
facial  movements,  and  more  general  actions  of  Dogs,  Apes, 
and  other  of  the  higher  animals.  Hut  we  have  not  even 
so  much  as  this  to  reveal  the  nature  of  the  subjective 
states  of  the  great  majority  of  animals.* 

What  means  have  we  then  of  forming  an  opinion  as  to 


*  Though  we  Are  not  able  to  naileretand  very  much  of  their 
language,  it  doeo  not  at  all  follow  that  aniumla  of  the  same  kiud 
may  not  be  uble  to  miike  their  enioticinul  lungauge  understood  by 
one  another.  Swainsim  aaya  (**  Hulnts  and  Inslincta  of  Animals/* 
p.  62): — "No  att«tili%e  observer  can  have  watched  tliem  without 
having  perceived  the  mntnal  recognition  of  each  other's  wants 
and  feeUogs,  which  is  irnidiedboth  by  voice,  look,  and  action.  In 
nitiiiy  ciuscs^  howcTer,  thia  communication  is  doubtleaB  carried  on 
in  a  way  which  we  cannot  comprehcud,  and  by  tones  which  we 
are  at  a  loaa  to  interpret.  But  those  intonations  in  the  voice, 
which  w«  may  not  be  able  to  cato!i,  are  perfectly  nnderBtood  by 
the  uuimiils  themselves.  It  is  well  known  thut  the  ewe  and  her 
lamb  cau  dintingiiiiih  each  other  even  in  the  iiiout  numerous  flock, 
and  that  when  hoparated  for  a  lime  and  again  turned  locise  into 
the  field,  the  latter  instantly  recognizes  the  well-known  voice  of 
ita  dam,  and  skips  joyfully   up   tu  her  the  iustaut  it  hears  her 
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the  Feelings  aud  degrees  of  Intelligence  of  the  various 
rej^resentatives  of  tLe  brute  creation  ?  Onr  own  experience, 
and  what  we  believe  to  be  that  of  other  human  beings,  has 
to  be  taken  as  our  guide  aud  standard  througLout.  We 
must  wateh  the  movements  of  animala  under  parlicaUr  but 
varying  circumstances,  in  order  to  judge  of  their  ditiferei 
emolionjil  states,  and  of  the  degree  of  reason  or  iuBlini 
guiding  their  actions.  But  in  the  case  of  multitudes  and 
multitudes  of  the  luwer  organisms,  their  actions  give  us  no 
occasion  for  inferring  the  existence  of  anything  so  complex 
as  Emotion.  Keason,  or  even  Instinct — it  becomes  a 
question  rather  as  to  whether  there  does,  or  does  nol 
exist  in  them  a  mere  vague  *  sentience,'  such  as  might 
iucludcd  under  the  word  Consciousness,  in  the  ordinary 
acceptation  of  the  term. 

Tho  fact,  therefore,  tbat  this  method  of  inferential  inter- 
pretation is  the  only  one  by  which  we  cau  in  any  way  form 
an  opinion  as  to  tho  Mental  States  of  tho  Lower  Animals, 
necessarily  leaves  us  either  altogether,  or  very  much  in  the 
dark,  as  regards  certain  important  questions  to  which 
reference  must  now  be  made. 

(1.)  We  are  wholly  unable  to  determine  what  degree  of 

complexity  the  Nervous  System  must  attain,  before  even 

the  dimmest  aud  moat  obscure  subjective  manifestations 

analogous  to  what  we  know  in  ourselves  as  Consciousness 

may  result  from  the  actions  taking  place  in  the  priucipal 

nerve  centre  of  an   organism.      W'e  cannot,  to  take  an 

exumple,  at  all  definitely  decide  whether  any  of  the  nena 

actions  of  tbe  Oyster,  or  of  the  Earth-worm,  are,  or  are 

not,  attended  by  subjective  states  or  phases,  akin  even  to 

t  SeusatiouB.  Nor  can  we  say  whether  any  such 

ftccompauy  the   nerve  actions  of  many 

.rosentiug  Nervous  Systems  of  greater 
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The  highest  giiugliou  of  »n  auimal,  or  that  in  which 
the  most  varied  impressions  are  brought  into  relation  with 
i       one  another,  is  the  part  in  connection  with  which  tha 
phenomena  of  ConBoiousness  will  be  likrly  first  to  become 

IBascent — as  in  higher  animals  it  will  be  the  part  with  the 
action  of  which  the  most  vivid  Consoiona  states  are  likely 
10  be  associated.  On  this  subject,  Herbert  Spencer 
■ays:' — *' There  cannot  be  co-ordination  of  many  stimnli 
krithoot  some  ganglion  through  which  they  are  all  brought 
into  rebitiou,  this  ganglion  must  be  subject  to  tho  influence 
of  each — must  undergo  many  changes.  And  the  quick 
succession  of  changes  in  a  ganglion,  implying  as  it  does 
perpetaal  experiences  of  diflerences  and  likenesses,  cousti- 
utes  the  raw  material  of  Consciousness." 
The  above-mentioned  difiicnlty  in  ascertaining  when 
iousness  begins  to  manifest  itself,  of  course  implies 
ief  that  Conscious  States  do  not  necessarily,  as 
me  have  suggested,  accompany  all  nerve  actions.  This, 
deed,  is  a  truth  revealed  to  ns  every  day,  since  multi- 
des  of  nerve  actions  occur  in  ourselves  and  in  our  fellow- 
en  without  any  apprecial^Ie  subjective  accompaniment — 
and  it  would  be  absurd  to  say  we  are  '  conscious  *  of  what 
we  do  not  appreuinte.  There  is,  as  previously  ludicuLed, 
Ha  habitual  absence  of  sensation  or  feeling  of  auy  kind 
conjunction  with  many  rellex  and  other  nerve  actions. 
This  inference  as  to  tlio  absence  of  a  subjeclivo  side 
with  many  nerve  actions,  is  allowed  by  nearly  all  physi- 
ologists to  be  strengthened  by  tho  occurrence  of  *  reflex 
movements,*  following  uufclt  impressions,  in  persons  with 
disease  of  the  spinal  cord — i.€.,  when  this  is  of  such  a 
nd  as  to  prevent  the  passage  of  nerve  currents  to  or 
m  the  brain.  A  similar  conclusion  has  also  been  arrived 
at  by  many  from  a  study  of  the  results  of  experiments  with 
•  "  Principlea  of  Payahology,"  toI  i.  p.  435, 
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Frogs  and  other  lower  aninials^  in  which  the  spiiial  cord 
has  been  completely  cut  ncross  so  as  to  preveut  impre»* 
stona  reaching  the  brain.  The  adverse  reasoning  of 
G.  H.  Lewes  and  others  would  prove  too  much.  It  would 
warrant  the  belief  that  all  nerve  centres  are  seat^  of 
Conscious  Sensibility ;  and  the  acceptance  of  this  view 
wonld  easily  lead  to  its  extension,  and  soon  make 
almost  impossible  to  deny  a  simitar  nttribnte  to  the 
leaves  of  the  Sun-dew  and  other  *  sensitive '  plunts — or, 
indeed,  to  stop  even  here.  Endless  confusion  might  ilxtUk 
bo  produced,  without  commensurate  gain, 

A  fairly  legitimate  conclusion  has,  therefore,  been 
drawn  f  to  the  eflect  that  not  only  do  many  nerro  actions 
cxiHt  \\bic'h  are  unaccompanied  by  Conscious  States  in  the 
ordinary  acceptation  of  the  term,  but  that  such  nerve 
actions  may  evoke  movements  which  are  just  as  suitable 
and  appropriate,  as  responses  to  the  several  antecedeui 
impressions,  as  if  the  movements  in  question  had  actually 
been  evoked  under  conscious  guidance.  The  fact  that 
there  is  an  apparent  'fitness'  in  tlie  movement  which  is 
made  in  consequence  of,  and  as  a  response  to,  a  stimulus, 
does  not  by  any  means  alone  entitle  us  to  infer  that  the 
corresponding  impresftion  had  a  conscious  eido,  or  was  a 
real  Sensation.  It  may  have  been  the  case  or  may  noU 
At  all  events,  it  should  be  recollected  that  the  quality  of 
fitness  decidedly  cliaracterizcs  tlie  motor  resiK>UBeis  to 
many  nene  actions  belonging  to  tlie  '  reflex '  category,  aa 
occurring  in  ourselves,  and  in  which  the  antecedent 
impreasion  has  certainly  not  been  attended  by  any  phase 
of  Consciousness.  Fitness  of  response  seems,  iadoed^ 
as  was  pointed  out  in  a  preceding  chapter,  to  be  almost 
a  matter  of  necessity  for  all  nerve  actions  which  have 
been  sufficiently  often  repeated — even  where  they  occur  in 
simple  organisms  possessing  only  the  most  rudimentary 
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DervouB  BjHteins,  and  where,  therefore,  conscious  guidance 
may  have  been  absent  even  at  the  time  when  the  etruc- 
ttiral  correlatives  of  the  movements  were  origimilly  or- 
ganized. 

Yet,  in  spite  of  the  acknowledged  source  of  uncertainty 
in  regard  to  this  criterion,  it  must  be  confessed  that  we  are, 
to  a  great  extent  (for  want  of  any  better  guide),  driven  to 
look  to  this  very  quality  of  'fitness,*  in  reference  to  the 
nature  of  actions  and  the  impressions  which  instigate 
them,  as  our  chief  though  very  uncertain  moans  of  form- 
ing an  opinion  concerning  the  probable  presence,  amount, 
or  kind  of  Conscious  Ii»tf>lligonce  in  animals  generally. 
We  have  to  look  especially  to  the  range,  complexity,  and 
degree  of  adaptation  of  the  movemonts  to  varying  cir- 
cumstancefi  and  to  unfamiliar  conditions ;  and  we  are 
accustomed,  in  addition,  to  look  to  the  degree  of  develop- 
ment of  the  Nervous  System  in  the  animals  under 
I      observation, 

^V  (2.)  The  same  kind  of  JifTiculty  presents  itself  in  an- 
^Blther  form,  with  regard  to  such  nuiinals  as  Insects,  Cepha- 
lopoda, Fishes,  Reptiles,  and  Birds.  These  organisms  aro 
I  BO  high  in  the  scale  of  organisation,  as  to  leave  almost  no 
room  for  doubt  that  some  of  their  nerve  actions  are  attended 
by  Conscious  States,  but  it  is  impossible  for  us  definitely  to 
decide,  which  aro,  and  which  are  not,  so  endowed. 

Two  principal  difficulties  stare  us  in  tlie  face.     First 

there  is  the  necessity  for  the  caution  on  which  wo  have  last 

dwelt,  in  respect  to  drawing  conclnsions  from  the  degree 

of  '  6tness*  noticeable  in  the  nature  of  the  response  ;  and 

nd,  there  is  the  further  difficulty  that  our  own  experience 

'^can  only  be  taken  as  a  very  uncertain  guide.     Impressions 

of  certain  kinds,  which,  in  ourselves,  are  no  longer  attended 

ly  Conscious  States,  may,  nevertheless,  be  commonly  accom- 
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pauied  by  some  such  states  in  CcphalopodBand  Insects^  or 
eren  in  lower  Vertebrate  forms.  This,  indeed/  seems 
highly  probable,  jtidpnj?  from  facts  furnished  by  onr  own 
experiGuce.  Each  one  of  us,  after  a  little  reflection,  will 
recall  the  fact  that  many  norel  impressions  or  muscn 
movements,  at  first  associated  with  a  distinct  conscioasn 
of  tbtir  pcrfurmance,  may.  when  they  have  been  often  re* 
pentad  and  rendered  facile  by  habit,  after  a  time  occur  with- 
out arousing  any  kind  of  CousciousueKS.  What  has  take 
place,  therefore,  during  our  own  individual  dcvelopmenti' 
probably  has  been  occurring  also  to  a  much  wider  extent 
during  the  gradual  development  of  the  Nervous  System, 
through  the  countless  generations  of  animals,  which,  in 
past  ages  of  the  earth,  have  gradually  been  perfectin 
their  relations  with  the  sum  total  of  their  surroundings. 

It  may  thus  well  happen  that  impressions  which  in 
lower  animals  are  commonly  attended  by  Consciousnes 
gradually  become  in  other  higher  animals  (connected  with 
them  by  descent  and  the  bond  of  kinship)  so  habitual 
that  they  no  longer  aronso  Consciousness.  It  seoma  not 
unlikely  that  sometliinfj  of  the  kind  may,  in  the  coura© 
of  long  ages  and  with  untold  generations  of  animal 
forms,  liave  occurred  with  certain  of  the  most  habitual 
and  least  varied  of  Visceral  Impressions,  and  (though 
to  a  loss  extent)  with  other  improsBions  emanating  from 
contracting  Mut-cles  of  all  kinds. 

For  in  organisms  of  greater  Sensorial  and  correspond 
ingly  increased  Mental  Activity,  whose  higher  nerve  cen 
tros,  by  reason  of  those  activities,  become  more  enjipross- 
ingly  occupied  with  vivid  extrinsic  impressions,  those  of 
an  habituol  character  which  emanate  from  muscles  or 
other  internal  parts  would  probably  less  and  less  enga, 
the  animal's  Attention  or  Consciousness.  The  customary' 
incitativo  or  guiding  impressions  will  still  impiugo  upon 
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higher  nerve  centres,  and  they  may  procure  the  contiuu- 
auce  of  (letiuite  muscular  movements  in  response  to  mere 
uucouticioua  nerve  uctious;  although,  ori>riually,  the 
occurrenco  of  similar  responses  could  only  have  been 
ouRured  by  the  direclivu  and  conntructlve  nilhicuco  apper- 
taining to  an  undivided  Attention  or  CouRciousuess. 

For  such  reasons  as  these  we  are  robbed  of  all  definite 
grounds  for  anything  like  correct  inferen(;e,  as  to  the 
degrees  of  '  sentience  '  accompanying  the  different  nerve 
actions  of  the  countless  hosts  of  lower  animab.  We 
have  a  fair  warrant  for  inferring  that,  in  the  hijjrher  Mam- 
mals, Feeling  is  an  appanage  of  the  action  of  the  same 
kinds  of  nerve  centres  as  suffice  to  evoke  it  in  ourselves — 
however  different  tho  FeeHngs  of  such  creatures  may  be 
in  their  wealth  of  emotional  and  intellectual  accompaui- 
ments.  But  concerning  the  seats,  bo  to  epoak,  of  the 
subjective  states  of  animals  lower  than  tbeso,  we  must 
necessarily  remain  very  much  in  the  dark.  Wo  should, 
indeed,  find  it  diflicnlfc  to  disprove,  even  though  we  did 
not  believe,  the  doctrine  of  Descartes,  that  they  in  common 
with  others  were  mere  unconscious  automata. 


(3.)  We  are  not  entitled  to  conclude  that  the  Sensations 
experienced  by  lower  animals,  through  the  intervention  of 
their  various  sense-organs,  have  more  than  a  general 
resemblance  to  the  Sensations  which  we  experienco,throngh 
the  pedium  of  what  appear  to  be  corresponding  organs. 

In  some  cases,  indeed,  we  cannot  decide  as  to  the  pre- 
cise kind  of  sense  endowment  which  pertains  to  an  o*rgan 
legitimately  regarded  as  in  somo  way  sensitive.  The 
impresBious  which  the  Nudibranch  Mollusk  receives 
through  its  large  tentacles,  or  that  tho  Insect  receives 
through  its  antenniB  in  addition  to  those  of  touch,  may  bo 
principally   those  of  smell — or  they  may  be  something 
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wholly  different.  Kirby  and  Speuce^  for  instance,  beliei 
it  to  be  through  the  mediazn  of  their  antennae  that  mi 
Insects  are  enabled  to  perceive  appmarbiug  alterations  SB 
the  weather.  Bees,  they  say,  seem  in  some  way  to  be- 
come aware  of  tbe  approach  of  a  shower,  and  hastily 
return  to  their  hives  in  time  to  escape  from  it,  when  wo 
may  be  able  to  perceive  no  indications  of  any  atmospheric 
change. 

But,  even  apart  from  this  possible  existence  of  unknown 
modes  of  scnticncy  in  some  of  the  lower  animals,  enor- 
mous differences  must  exist  in  regard  to  the  Perceptions 
derived  through  those  cliannels  of  sense  which  are  more 
or  less  analogous  to  our  own. 

The  actual  nature  and  complexity  of  tbe  Conscioi 
and  Cognitive  States  roused  in  animals  by  external  obje( 
will,  necessarily,  be  iullnenced  by  two  principal  cam 
First,  their  qualitative  nature  (within  the  sphere  of  each 
sense)  will  depend  up(ui  the  structural  elaboration  of  tbe 
several  sense-organs  and  of  their  related  nervo-gangiia,  in 
different  animals.  While,  secondly,  their  complexity  w 
also  bo  largely  dependent  upon  tbe  degree  of  developmi 
of  the  higher  nerve-centres  as  a  whole,  because,  on  the 
occasion  of  any  impression  upon  an  organ  of  sense,  what  is 
actually  perceived  (*.e.  the  completeness  of  tbe  Perception) 
depends  principally  upon  the  degree  of  rapid  irradiation  of 
the  impressiau  to  other  parts  of  the  brain.  The  Perec] 
tions  of  similar  objects  by  different  kinds  of  animals  wil 
vary  extremely,  as  pointed  out  in  a  previous  chapter, 
regard  to  the  number  and  complexity  of  their  component 
And  these  variations,  as  the  reader  will  easily  undersijiu* 
must  in  the  main  depend  upon  the  average  rac«-experi- 
enccB  and  Eonsorial  endowments  genemlly  of  the  different 
kinds  of  animals,  iu  their  associations  with  the  particular 
objects  perceived. 
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The  mere  keeniiesB,  or  discriminative  refinement  of  the 
aeverttl  sensory  endowments  in  different  animals,  is  subject 
to  great  variation — the  extremes  being  both  far  below  and 
fur  above  the  human  standard. 

Thus  the  Sight  impressions  of  certain  Worms  and 
Molluske,  obtained  even  at  their  best  through  simple  ocelli, 
can  only  be  regarded  as  of  the  most  vague  and  general 
description,  and  probably  more  or  less  wanting  in  any 
such  accompaniment  as  constitutes  the  conscious  side  of 
oar  own  visual  impressions.  But  how  different  is  this 
from  the  same  mode  of  sensorial  activity  in  Birds.  In  a 
large  majority  of  them,  their  power  of  vision  seems  far  to 
ti-ansc^nd  that  of  man  or  other  animals,  both  in  regard  to 
range  and  keenness  of  discriminat'on.  Sight  is  unques- 
tionably the  dominating  sense  of  Birds. 

"A  kBwk,"  observes  Buffon,  "during  iia  acriul  soaring,  will 
discern  a  lark  upon  a  clod  of  earth,  coloured  almost  exactjy  like 
its«lf.  at  twenty  times  the  distance  nt  which  a  man  or  a  dog  can 
perceive  it.  A  kite,  having  Houred  to  an  elevation  hejrond  our 
ordinary  vision,  can  diHtinfTui<4h  lizards,  field  mice,  and  smull  birds, 
and  select  those  upon  which  he  chooscB  to  pounce*' 

Again,  the  majority  of  invertebrate  animals  seem  to 
have  extremely  little  power  of  Hearing  or  discriminating 
different  kinds  of  sounds.*  Thus  Sir  John  Lubbock 
sny8,f — 

**  Approaching  an  Ant  which  was  standing  quietly,  I  hare 
over  and  over  agnin  made  the  most  shrill  noises  I  conld — nsing  a 
peony  pipe,  a  dof^-wliistle,  a  violin,  as  well  aa  the  most  piercing 
and  sturtling  sounds  I  could  produce  with  my  own  voice,  bnt  with* 
ont  effect.  At  the  same  time  I  would  by  no  means  infer  from  this 
that  they  are  really  deaf,  though  it  certainly  eeems  that  their 
range  of  Hoonds  b  very  different  from  oora.     We  know  that  certain 

•  See  "  Nature,"  1878.  pp.  5^0  and  508. 
■j-  •■  Journal  of  Linn.  Soc."  (Zool.),  vol.  xiii.  p,  2ik 
10 
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allied  inaecta  produce  a  noise  Ly  rubbing  one  of  thdr  abdominal 
rings  agoiast  another.  Laoduis  ia  of  opinion  that  anta  also  make 
Bounds  in  the  s&me  war,  though  these  sounds  are  inaudible  to  os. 
Onr  range  is^  however,  afl^r  all  very  limited,  and  the  nnlverve  is 
probably  fnll  of  sounds  which  we  cimnot  perceive.  There  ar^ 
moreover,  in  the  anterinte  ol  ants  certnin  curious  orgriDB  wH 
may  be  of  an  auditory  charucter/* 


Heariug  is,  ho^vevor,  developed  in  some  resi^'cts  to 
degree  far  beyond  our  own  in  birds  like  the  Owl,  as  well 
as  in  other  night-flyers.  According  to  Swainsou  also, 
the  "  sense  of  hearing  in  many  quadrupeds  is  particularly 
keen,  and  seems  to  be  given  moro  especially  to  the  her- 
bivorous tribes :  thus  the  Elk,  although  not  remarkably 
swift,  is  enabled  to  avoid  its  enemies  by  an  unusual  keen- 
ness in  its  perception  of  sounds.  Tho  same  delicacy  of 
hearing  is  well  known  to  be  possessed  by  the  Stag."  The 
acntenefis  of  this  sonse  in  the  Horse,  tho  Seal,  and  tho 
Porpoiso,  ia  also  said  to  be  very  remarkable. 

The  sense  of  Touch  in  different  animals  presents  a  wida 
range  of  Tarialion  in  regard  to  its  delicacy  and  discrimi- 
native accompaniments.  Though  always,  to  some  extenti 
a  possible  mode  of  sentiency,  it  does  not  rise  in  many  of 
the  lower  organisms  very  much  beyond  the  level  of  that 
possessed  by  simple  protoplasm.  lu  higher  animals, 
however,  it  is  far  different,  and  in  Litem  the  sense  becomes 
localized  in  some  particular  part  or  parts  of  the  body 
which  are  to  bo  regarded  as  the  special  tactile  organs. 

The  Bonso  of  Touch  is  not  distinctly  localized,  and  prob- 
ably not  very  keen  or  discriminative,  in  Fishes  or  Reptiles, 
though  in  Birds  it  becomes  at  once  moro  developed  and 
more  ]ocallze<l. 


1 


Swainson  sayn.— "In  birds  it  is  probably  conBned  to  the  fei4i 
and  bill.     This  is  particularly  apparent  in  rnpaciouB  birdu,  which 
use  their  feet  in  acizing  and  retaixitig  their  prey;  while  in  th< 
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■och  as  dncks,  iinifefi.  and  woodcocks — wbioh  pnsh  their  long  IiIIIb 
iitto  the  mud,  the  point  of  the  nianJiblo  is  not  only  oumporatively 
•oft,  bnt  is  ofU*n  coverrd  with  a  very  thin  mctubmnous  Bkin, 
ivhich  eridcntlj  itnpIit'B  considerable  sentiibility." 

In  the  majority  of  Quadrupeds  this  sense  is  perbnpa 
not  very  highly  developed,  though  as  in  birds  it  seems 
to  be  principally  localized  in  the  paws  and  lips.  There 
are,  however,  two  remarkable  exceptions.  The  trunk  of 
the  Elephant  is  evidently  endowed  with  a  very  keen  and 
diseriraiuative  sense  of  touch,  nnd  is  to  some  extent  put 
to  the  Bame  kind  of  nso  as  the  four  hands  of  Qnadrumana, 
or  the  two  of  human  beings.  The  tactile  endowments  of 
all  these  parts,  however,  in  regard  to  mere  sensitivenesB* 
are  altogether  tbro^sTi  into  the  shade  by  the  second  excep- 
tion above  referred  to — viz.,  that  presented  by  tbe  inter- 
digital  membranes,  or  so-called  wiogs  of  Bats,  and  by  the 
skin  over  their  large  ears.  Tlio  sensitivenesB  of  these 
parts  is  so  marvellous  that  it  can  take  the  place  of  sights 
and  enables  Bats  to  avoid  oven  the  most  delicate  obstacles 
in  their  toriuons  and  rapid  flight.  As  Spallanzani  first 
observed,  these  aniraala  will,  even  when  they  have  been 
blinded,  "  guide  themselves  through  the  most  vsinding  and 
complicated  passages  without  onco  hitting  tho  walls,  or 
striking  against  any  impediment  which  may  seem  to 
obstruct  their  progress.**  When  in  this  condition  they 
can  even  avoid  coming  into  collision,  during  their  rapid 
gjTations,  with  threads  of  silk  which  have  been  purposely 
stretched  across  a  galleij  or  passage. 


Tho  three  senses  already  refen*€d  to  constitute  the 
6])ecial  intellectual  senses  of  man — tliose  upon  which 
most  of  his  knowh'dge  of  the  external  world  is  based. 
There  is,  however,  another  eensoriftl  endowment — tho 
sense  of  Smell — which,  though  it  plays  a  vejy  inconsider- 
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able  part  in  ministering  to  the  guidance  of  civilized  hamoQ 
beings,  is  of  the  very  greatest  importance  as  an  iutellectnal 
honso  to  many  differeut  kinds  of  lower  animals,  and  is  fre^ 
qneiilly,  like  other  sensorial  endowments,  very  keen  ia 
some  of  tlie  less  civilized  human  races.* 

In  9uch  crcatnrcs  as  Worms,  and  in  the  majority  ol 
Mollusks,  it  seems  probable  that  the  sense  of  Smell  ia 
either   absent  or  else  extremely  vague   and   indefini 
There  is  reason  to  believe  thut  it  exists  in  Gasteropod 
in   the  varinus  kinds  of  (juttle-fish,  and  in   many  Cru 
tacea.      In   some    Insects    a   keenly  developed   sense 
Smell   apprars   to  be  the  dominating  senBe  endowmcn 
Sir  John  Lnbbock  has  ^hown  that  the  most  intelligent 
Insects,  namely  the  social  Ants,  aeem  incapable  of  appre- 
ciating Bounds,  and  that  they  make  comparatively  little 
use  of  their  small  eyes.     Their  leading  sense  is,  nnqnca- 
tiouably,  that  of  Smell.f    It  seems  to  *be  by  aid  of  this 
faculty  that  they  find   their  way  abont,  and  follow  their 
multifarious  daily  avocations.     A  recent  writer,  speaking 
of  the  mode  in  winch  Ants  follow  an  established  trail, 
saysj — 


"I  have  experimented  with  this,  freqnentljr  obliterating 
scent  for  a  space  of  but  a  fuw  inches,  and  wutrhintj  the  pozxW 
wanderers,  each  going  an  inch  or  less  beyond  hia  predeeeBMon. 
hunting  the  lo>«t  clue  nniil  the  blank  was  finally  bridged  over. 
/Vfter  tbat.  if  tlie  new  route,  aa  rc-oiiened,  differed  from  the  old, 
it  WU8  oevcrtbek'HS  rigidly  followed,  even  if  louger  and 
direct." 


S 


Again,  as  evidence  that  Bees  and  Butterflies  select  the 


•  In  roffrtrd  io  fhia  Intt/r  Bubjoot,  many  very  interesting^  facts 
will  be  found  recorded  in  HoQzeen*a  work  *'  Lea  Fucoltos  Mentalt^ 
72,  Tol,  i   pp.  90-94,. 
*n.  8oc./'  vol-  xiii.  fZ 


+M 


(Zool.),  pp. 


jr7. 1878,  p.  292. 
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flo\rprs,  which  they  visit  by  meftus  of  Smell  rathor  tlian 
Sight,  a  UTiter  says,* — 

•*  BffM  partictilnrly,  and  alno  bnttcrflie*,  visit  a  distinct  variety, 
and  for  the  time  contine  their  aiteuLioo  to  it,  settling  on  and  sucJi* 
iiij?  the  honey  of  that  variety  only;  e.g  ,  a  heo  settling  on  a  scarlet 
gvniniam  will  not  go  from  it  to  another  Bpeciea  or  vanety,  hut 

gives  iUi  attention  to  the  particular  vuriety  only never 

going  from  a  acarlet  geranium  to  another  scarlet  flower,  even  it'  in 

contact I  never  remarked   a  bee  go  from   a  lily   to  ua 

omaryllia,  or  the  reverse." 


W.  M.  Gabb,  writing  from  St.  Domingo,  with  regard  to 
16  Butterfly,  saysjt — 


^H^  **IIy  Indian  &ervuntt<  always  ca.mi'd  with  them  a  fermented 
"^"pa»te  of  maixe  flower,  which  lliey  mixed  with  water  to  the  eonyist- 
cncy  of  gruel,  as  a  be\'erage.  On  our  arriving  ut  the  side  of  a 
itrcura  in  a  narrow  gorge,  invariably,  within  a  few  miuuteti  ufler 
they  opened  a  package  of  this  paste,  although  there  might  not  have 
b<wn  a  buttorfly  iu  sight  before,  those  mout  brilliunl  of  thuir  kind 
would  come  sailing  up,  always  from  locwurd.  and  I  have  made 
i  some  of  my  bent  cattOies  in  this  manner.  I  have  aW  canght  them 
L  by  baiting  with  a  piece  of  over -ripe  or  even  rotten  banana.  At 
^^^Cber  timeu  they  were  almost  unapproachable." 

Again,  another  remarkable  fact  points  to  a  similar 
keenness  of  the  sense  of  Smell  in  Moths,! — "  Collectors 
of  LepiJoptcra  are  well  aware  that  if  a  virgin  female 
raotb  of  a  certain  epecics  is  enclosed  in  a  box,  males  of 
the  name  species  will  make  their  appearance  from  dis- 
iAn(!eB  which  may  he  relatively  pronouucfd  prodi^'ious." 

There  seems,  therefore,  good  reason  for  believing  that 
the  actions  of  many  Insects  are  largely  determined  by  a 
subtle  and  highly  discriminative  sense  of  Smell,  which  in 

•  "Natare."  October  18. 1B77. 

t  "Kiitiire."  Febniftry  7, 1878,  p.  282. 

J  "  Qnurturly  Review  of  Sciencu,"  Oct.,  1877,     Art.  "  Our  8«- 

,ted  Kivals."   See  also  "Nature."  July  18,  1878,  pp.  302  and  3U. 


210 


CONSCIOUSM'SS   IN 


acnteness  may  perhape  rival,  if  it  does  not  exceed,  tliat  of 
any  other  animal  wlintsoevcr*  In  certain  InBCcts  with 
eiionuously  developed  e^es,  however,  such  as  Dragnuflips, 
Si^^ht  also  fccms  to  be  an  all-important  Bcnse :  so  that 
Smell  and  Sijj^ht  may  ho  said  specially  to  guide  the  actions 
of  Insects,  thongh  not  cqmilly  in  the  Rame  Bpecies. 

The  ROD  Be  of  Smell  in  FisheB,  moreover,  seems^  accoi 
ing  to  Kirhy,*  to  be  the  most  acute  of  all  their  Bonses* 

Laccpedo  says : — "  It  may  be  called  tlieir  real  eye,  sance  bj 
they  can  discover  tlieir  prey  or  lln'ir  enemicfl  at  an  immense  di 
tance;  tliey  arc  direclci  by  it  in  the  thickest  darkness,  and  tlie 
most  a|;itated  wnvca.  The  orf^ins  of  this  ^cnao  are  between  tlw, 
c)"C8.  The  extent  of  the  meuiltrane  oa  which  the  olfactory  nerv< 
expand  in  a  shark  tweaty-tivo  feet  long,  is  calculated  to  bo  tweli 
or  thii*teen  square  feet.** 

In  a  few  Birds,  such  as  Vultures  and  their  allies,  a  mar- 
vellously keen  senHe  of  Smell  wns  for  a  hm^  time  snp- 
poscd  to  exist,  thongh  the  observations  of  Darwin  and 
others  make  it  probable  that  this  supposition  is  erroneous, 
and  that  the  facts  on  which  it  was  based  may  be  betti 
explained  by  the  great  keenness  of  their  sense  of  Sight 
Certainly  in  the  majority  of  Birds,  the  olfactory  seni 
seems  to  be  very  slightly  developed. 

An  extremely  acute  sense  of   Smell  seems,  LoweveTi 
to  exist  with  many  wild  and  domestio  Quadrupeds, 
well-known  instance,  belonging  to  the  former  catcgoiy,  ii 
that  of  the  Deer. 

AgiLin  Swainwon  wntcf.f— "The   scent  of  the  Araerican  Biwi 
IB  said  to  be  HO  keen  that  it  is  difficult  for  cither  men  or  dogs 
gel  neur  him,  excfi>ting  on  hit)  leeward  inde;  while  the  Camel, 
the  ^rfectiou  of  the  same  aense,  ia  enabled,  white  wandering  over] 

•  Kirby'i  "  Hiatoryt  Habits*  and  Instincts  of  Animals,*'  voL  iL 

278. 

'  ^*  Habits  and  Instincts  of  Animalti,*'  p.  49. 
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,ibe  eariijy  and  parcliing  desorU  in  which  he  so  often  ranges,  to  di»- 
'  Oover  the  vicinity  of  water  at  the  dislanco  of  a  mile."* 

The  keen  scent  of  the  Dog  iu  tletectitig  and  tracking 
Tnrious  kinds  of  game,  and  also  iu  following  Lis  master's 
footsteps,  even  in  the  midst  of  a  public  thoroughfare,  ia 
familiar  to  all.  There  is  reason  to  believe,  moreover,  that 
the  Dog  habitually  puts  its  sense  of  Smell  to  uses  that  we 
can  only  faintly  realize.  A  good  instance  of  this  sort  ia 
cited  by  Dr.  Huggins.f  who  possesses  a  son  of  a  celebrated 
English  Mastiff,  mimed  Turk,  and  in  whom  he  speedily 
discovered  a  strange  nnlipatliy  to  all  butchers,  and  disUke 
of  butchers'  shops.  Ou  making  enquiry  of  the  original 
owner  of  Tui'k,  Dr.  liuggins  found  that  a  similar  anti- 
pathy existed  in  the  father,  and  iu  the  gi'andfathcr  of  his 
dog,  as  well  as  in  other  sous  of  Tnrk,  by  different  mothers. 
Concerning  one  of  tbese  latter  dogs,  named  Paris,  this 
gentleman  communicated  some  most  interesting  facts. 

He  say?, — '*  PariB  hns  the  greatest  antipathy,  as  ho  would 
hardly  gu  into  a  street  where  a  hutclitr'ti  shop  is,  and  would  run 
away  after  passing  it.  When  a  cart  with  a  butcher's  man  camo 
into  the  place  where  the  doi^  wore  kept,  although  they  conld  not 
tee  him,  thpy  all  vrere  ready  to  break  their  chains.  A  tnanter- 
%atcher,  dressed  privately,  called  one  evening  on  Paris's  master  to 
see  the  dog.  Ho  had  hanlly  entered  the  hooae  before  the  dog 
(tboDgh  ehat  in)  was  so  much  excited  that  he  had  to  be  put  into 
a  shed,  and  the  butcher  was  forced  tu  leave  without  seeing  the  dog. 

*  K.  C.  Norman  writes, — "That  frogs  are  enabled  to  know  when 
water  is  neur,  and  that  they  are  instinctively  attracted  towardu  it, 
I  have  had  ahundunt  means  of  certifyiiffl;;  in  localities  where  there 
was  a  pond  on  the  other  side  of  a  paling  or  a  wall.  I  have 
found  froge,  during  the  s^wning  season,  in  numbers,  close  apaiuat 
the  impeding  fence,  with  their  heads  towards  it;  and  when  I  threw 
them  over,  they  immediately  proceeded  in  the  direction  of  the 
water."— WniTt's  "  Natural  History  of  Selbome  "  (Bohn's  edition), 
p.  407. 

f  •*  Nature,"  February  13,  1878,  p.  2^1. 
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The  same  dog.  at  Hai-tin}^  made  a  spring  at  a  gentlemaa  who 
came  into  the  hotel.  Tlie  owner  caaglkt  the  dog  and  ajiolo^x^d, 
and  aatJ  he  never  knew  hiin  to  do  no  bcfure,  esirept  when  a  bnlchcr 
came  to  hia  house.  The  genUcman  at  once  aaid  that  waa  hia 
busiucsB.** 

Tills  detection  of  butchers  at  ft  distance  aud  out  of  j 
sight,  as  well  as  when  diHguised,  could  only  have  hcenJ 
brought  about  llirongh  the  dog's  highly  developed  senso; 
of  Smell,  enabling  it  to  detect  odours  which  might  well 
be  regarded  as  altogether  inappreciable. 

In  reference  to  a  suggeatiou  made  by  Mr.Wallace,*  to  thai 
effect  that  animals  which  have  been  taken  to  a  diiitancaj 
shut  up  in  a  basket,  or  along  a  route  which  they  have  uoi| 
Bcen>  may,  in  some  instances,  find  their  way  home  princi- 
pally through  the  intervention  of  their  highly  developed' 
sense  of  Smell  (a  suggestion  which  gave  rise  to  a  long  and 
very  iuteresting  discussion),  Prof.  G.  Croom  Robertson 
writes  :f — "Our  external  world  (whether  as  actually 
perceived  or  imaginatively  represented)  may  be  called  a 
world  of  sights  and  touches,  blended  with  and  modifying 

each  other  in  the  most  intimate  way All  other 

sensations,  as  of  heuring,  smell,  and  taste,  come  before 
us  only  discontinuously  and  intermittently,  not  being  had 
from  all  things,  nor  always  from  the  same  things.  But, 
in  a  dog's  experience,  touch  cannot  possibly  co-operata 
with  sight,  as  it  regularly  does  in  ours.  The  organ  of 
elfective  touch  in  man — touch  that  gets  associated  with 
vinion— is,  in  the  last  rgsort,  the  hand,  combining  mnbtlily 
and  sensitiveness  in  the  highest  degree  ;  and  the  dog  baa 
DO  hand.  Its  mobile  limbs  are  not  sensitive  at  the  ex- 
tremities, and,  though  it  has  sensitive  lips,  these,  having 
no  such   active  mobility  as   the   human    hand   has»  art 

•  "Natnre,"  Fehniary  20, 1873.  p.  303. 
t  "Nature^*  February  27. 1873.  p.  323. 
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extremely  limited  in  the  scope  of  their  apprehension.  Its 
touch  being  thus  defective,  what  is  there  theu  in  the  dog 
to  play  second  to  sight — which  as  leader  needs  support, 
were  it  only  because  there  is  not  always  lij^fht  to  see  with  ? 
Smell,  I  cannot  but  think,  seeing  that,  whilst  the  organ  is 
incont^stubly  acute,  it  has  the  great  advantage  over  the 
tactile  surface  of  the  lips,  of  receiving  impressions  from 
things  already  at  a  distance.  If  we  only  suppose — what 
the  facts  make  very  likely — that  the  dog's  Bmoll  ia  acute 
enough  to  huve  some  sensation  from  all  bodies  without 
exception,  nothing  more  is  wauling  to  enable  a  psychologist 
to  understand  that  the  dog's  world  may  be,  in  the  main,  ft 
world  of  sights  and  smells  continnous  in  space," 

Horses,  also,  would  seem  to  have  a  similarly  acute  sense 
of  Smell,  and  an  interesting  fact  is  cited  by  Mr.  Darwin 
which  apparently  illustrates  this  point.     He  saj'S,* — 

*'Many  years  ago  I  was  on  a  mail-coach,  niid  as  soon  as  we 
came  to  a  publicbouao,  the  coauhman  pnllod  up  for  a  fraction  of  a 
etM^jDil.  lie  did  so  when  he  came  to  a  second  ptiblic-hotise,  and  I 
then  oAktHl  him  the  reason.  He  |>ointed  to  the  off-hand  wheeler, 
and  said  that  she  Imd  been  long  oompletely  blind,  and  she  would 
stop  at  every  place  in  the  road  at  which  she  had  before  stopped. 
He  had  found  by  expvrieDce  that  hw  time  was  wasted  by  pulling 
Dp  his  team  thun  by  trying  to  drive  her  pust  tfie  place,  for  she  was 
contented  with  a  momentary  stop.  After  this  I  watched  her,  and 
H  wus  evident  she  knew  exactly,  before  the  coachman  began  to 
]iull  up  the  other  horses,  every  public-houso  on  the  road,  for  she 
hud,  at  some  lime,  Btopi>ed  at  all.  I  think  there  can  be  little  doubt 
^hat  this  marc  recognized  all  these  houses  by  her  sense  of  smell." 

It  seems  pretty  certain,  however,  that  many  of  the 
ACtiouB  of  lower  animals,  in  tinding  their  way  to  distant 
places,  cannot  be  explained  by  reference  to  any  of  the 
senses,  either  singly  or  in  combination,  which  we  have  as 
yet  considered.  How,  for  instance,  is  the  Dog,  the  Cat, 
♦  ••NatnPft."  March  13. 1873,  p,  360, 
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or  tho  Ilorsc,  enabled  to  find  its  way  borne  in  a  short  space 
of  time,  tbrougb  a  previously  unknown  tract  of  country^j 
and  along  a  route  never  previouBly  traversed  in  any  way 
How,  again,  is  tbe  migratory  Bird  able  to  steer  its 
across  tbe  sra,  and  for  tbousands  of  miles  back  to  tbe  same' 
cbinmey,  bouse-top,  or  bupb,  where  in  tbe  previous  spring 
it  had  built  its  nest  and  reared  its  young  ?  Wo  are  com- 
pelled to  assume  that  a  'Sense  of  Direction'  exists  in 
many  animals,  which  euablL-a  them  wholly  to  tmnscend 
the  range  of  other  senses. 

This  endowment  occurs  in  sncb  a  rudimentary  state  in 
tbe  mnjority  of  human  beings,  as  to  make  the  correspond- 
ing highly  developed  faculty  of  some  animals  appear  almost 
in  Wie  light  of  a  wholly  new  and  mysterious  sense  endow^ 
meut. 

The  degree  to  which  the  rudiments  of  such  an  endow- 
ment exist  amongst  ourselves,  rarics  much  in  different 
individuals.  Some  dwellers  in  cities,  otherwise  highly 
intelligent,  ai-e  almost  incapable  of  finding  then*  way  through 
intersecting  streets  to  a  not  very  distant  place,  whose  direc- 
tion was  known  at  tbe  time  of  starting;  whilst  others/ 
setting  out  with  a  correct  notion  of  the  relative  position  of 
tbe  place  tliey  wish  to  reach,  are  easily  able  to  find  it, 
even  though  they  may  have  to  pass  through  a  previously 
unknown  maze  of  turnings.  This  power  of  keeping  a 
•known  direction '  in  mind,  during  many  shiftings  of  direc- 
tion»  exists,  however,  in  a  much  higher  degree  in  somi 
savage  or  semi-savage  races  of  men.  Thus,  according 
Darwin,  Von  Wrangcl  has  recorded  the  truly  wonderfc 
manner  in  which  tbe  natives  of  Northern  Siberia  are  abb 
to  keep  "  a  true  course  towards  a  particular  spot,  whilst 
passing  for  a  long  distance  through  hummocky  ice,  with 
incessant  changes  of  direction,  and  with  no  guide  in  tbe 
heavens,  or  on  the  frozen  sea."     North  American  Indians] 
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bLow  a  eitnilar  facility  in  finding  their  way  tbrough 
immense  mouniuinous  tracks,  so  thickly  wooded,  that 
Tision  can  only  penetrate  for  a  few  yards  ahead ;  or  over 
pathless  wastes  of  prairie  land,  whore  a  dreary  sameness 
reigns  supremo.  On  this  suhject,  G,  C.  Merrill,  writing 
from  KansiiSi  says  ;• — 

**I  have  lenmod  from  the  hantera  and  guides  who  Bpeiid  their 
lives  on  the  ftlaitiH  and  monutains  west  of  us,  that  no  xnuttcr  how 
far,  or  with  what  turns,  they  may  have  been  led,  in  cluisiug  tho 
bison  or  other  game,  they,  on  their  return  tn  camp,  always  take  a 
straight  line.  In  explanatiua,  they  say  that,  nuconsciuuBly  to 
ibembelvea,  they  have  kept  all  the  turns  in  their  mind."t       * 

The  excellence  of  this  faculty  in  Siberians,  Indians,  and 
others,  whose  daily  mode  of  life  of  itself  furnishes  strong 
motives  for  cultiviitinp  it,  seems  to  show  that  practice  may 

»  "Kature,"  May  22,  1873,  p.  77. 

f  Referring  to  hia  ti-uvela  in  the  State  of  Western  Virginia,  Mr. 
Henry  Fonle  ("  Nature."  April  17.  ia7;t.p  -KiO)  writes  as  follows  :— 
*'  It  is  Raid  that  even  the  most  experienced  hunters  of  tho  forest- 
covered  mountains  in  ihut  nnsettled  region  are  huble  to  a  kind  of 
eeiznre— that  they  Mose  their  heads  *  uU  at  once,  and  become  con- 
vinced thai  they  are  going  in  quite  the  contrary  direction  to  what 
they  had  intended,  and  thut  no  reasoning  nor  pointing  out  of  land* 
morka  by  their  companions,  nor  observutiona  of  the  position  of  the 

in,  can  overcome  their  feeling;  it  is  acoompuuied  by  great  ner- 
roDsness  and  a  general  sense  of  dismay  and  *  upset.'  The  nervous* 
^Hess  comes  after  the  sci/.ur«i,  and  is  not  the  cause  of  it.  This  ia 
BpokeA  of  by  tho  natives  as  •  getting  tnrned  round.'  The  feeling 
sometimes  ceases  suddenly,  or  it  may  wear  away  gradually.** 
Colonel  Lodge,  in  his  "Hunting  Grounds  of  the  Far  West,"  1870, 
speaks  of  the  same  kind  of  feelings  seizing  upon,  and  occasionally 
demoralixing,  old  and  exjicrienced  pruiric  travellora.  Indian  chiefs 
all  concurred  in  assuring  G.  Catlin  ('*  Life  amongst  the  Indiunii,** 
p.  96)  that  "whenever  a  man  is  loat  on  the  prairies,  he  travels  in 
a  circle,  and  also  that  he  invariably  turns  to  the  left;  of  which 
singular  fact,"  the  author  adds,  "  1  have  become  doubly  convinced 
by  Rubaeqaent  proofs." 
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make  perfect  in  this  as  in  other  respects ;  while  the 
common  want,  or  tlie  existence  of  the  mere  germs  of  such 
a  facnity,  amoug  dwellers  in  cities,  leading,  as  they  do, 
an  artificial  and  wholly  different  Irind  of  lifo.M^onld  seem  to 
sn^gest  that  with  them  it  is  a  faculty  which  has  lapsed 
through  mere  disuse. 

But  the  peculiarity  in  regard  to  many  animals  is,  thai' 
they  seem  able  to  preserve,  in  some  marvellous  manner, 
this  initial  knowledge  of  direction,  under  circumstances 
in  which  such  powers  as  Sibcriaus  or  North  American 
Indians  possess,  would  seem  likely  to  be  of  little  avail.  A 
very  suggeslivo  story  in  reference  to  this  kind  of  jmtency 
in  the  Horse,  has  been  narrated  by  Mr.  Darwin.  He 
Buys  ;* — 

••  I  sent  a  riding- horse,  by  railway,  from  Kent,  vid  Yarniontb* 
to  Freshwutor  Bay,  in  tlio  Isle  of  Wight.  On  the  first  day  that  I 
rode  eastward,  my  horse,  when  I  turned  to  go  home,  was  verr 
unwilling  to  return  towards  his  stable,  and  he  Mvpml  ttmeft  tnmed 
round.  T\\h  lid  me  to  make  rppeat<?d  trials,  and  every  time  that 
I  sJockened  iho  reins,  ht*  turnnd  sharply  ronnd  and  began  in  tn.t 
to  the  eastward,  by  a  little  north,  which  was  neurly  in  the  directioa 
of  his  house  in  Kent.  I  had  ridden  this  horso  daily  for  several 
years,  and  he  had  never  before  behaved  in  this  manner.  3/v  im- 
prtjiiition  tcajt  that  he  sontchnw  knew  the  direeiion  whvvrf  h^  hod 
bef^  hronghi,  I  should  state  that  the  lust  stage  from  Yarmouth 
[Isle  of  Wight;  to  Freahwatt-r  is  almost  due  Sonth,  and  along  thit 
road  he  had  been  ridden  by  my  grtjora ;  bnt  he  never  once  showed' 
any  wish  to  retnrn  in  this  direction.  I  had  purchased  this  horM, 
ncverHl  years  Iwfnre,  from  a  gentleman  in  my  own  n4<ighlK>nrhood« , 
who  had  possessed  him  for  a  considerable  time.*' 

This  story  is  valnahle  and  instructive,  bnt  as  a  more 
conipleto  iuKtanc©  of  a  power  there  only  indicated,  one  of 
tlie  many  examplos  recorded  by  A,  W.  Howitt  of  GippB- 
laud  may  be  quoted.      Ho  says;! — 

*  •*  T^alixTC,"  March  13. 1873.  p.  360. 
t  "  Natia^ce,"  Aug:ust  21, 1673,  p.  323, 
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"Mr.  Maolcintosb,  of  Durgo,  infurms  rae  that  about  two  years 
ngo,  when  gathering  wild  cattJo  on  tlie  Avon  Kivcr,  he  got  away 
from  his  men  down  that  river  for  many  miles  before  he  ascertained 
that  he  was  aotmy.  Finding  then  that  h\»  horne  (KTsisted  in  going 
in  a  certain  direction,  he  gave  him  hid  head,  and  the  horse  went  in 
a  straight  line  to  the  plucc  whore  the  camp  was  6red,  a  distance  of 
■ome  ten  miles,  tbroagh  a  scrubby  country,  and  without  a  track." 

As  another  t^'plcal  instance  of  this  kind  of  power  in  a 
Dog,  exercised,  moreover,  after  a  loug  interval,  the  follow- 
ing occnn'onco  may  bo  cited  :* — 

••  A  hound  was  sent  hy  Olmrles  Cobl»e.  Esq.,  from  Newbridge, 
county  Dublin,  to  Moynalty,  county  Moath,  and  thencp,  h>ng  after- 
wards, convfy.'d  to  Dnblia.  The  hound  broke  loose  in  Dublin,  and 
the  same  rnorning  made  his  wny  back  to  his  old  kennel  at  New- 
bridge, thus  completing  the  third  side  of  a  triangle  by  a  road  he 
had  never  travelled  in  his  life.'* 

Powers  akin  to  this  displayed  hy  the  Horse  and  the 
Dog  seem  possessed  in  considerable  perfection  by  many 
other  kinds  of  animals,  among  whieh,  in  ascending 
order,  may  be  mentioned  Insects,  Crabs,  ^lipratory  Fishes 
and  Birds,  some  Reptiles  as  well  as  snch  Quadrupeds  aa 
the  Cut,  the  Sheep,  the  Ass,  and  probably  many  others.! 

A  \ery  remarkiilde  and  woll-uttested  example  of  such 
an  endowment  in  this  latter  animal  has  been  cited  by 
Kirby  and  Spencef — 


••  In  March,  1810,  an  ass,  the  property  of  Captain  Dunda?,  K  N., 
then  at  Maltn,  was  Bliipped  on  board  tbe  IsUr  frigate,  Captain 
Forest,  bound  from  Gibniltar  tor  that  island.  The  vessel  buving 
struck  on  some  sands  06'  the  Point  de  Gul,  at  some  distance  from 
the  shore,  the  asa  was  thrown  overboard  to  give  it  a  chance  of 
swimming  to  land — a  poor  one,  for  the  sea  was  mnning  bo  high 

»  "  Quarterly  Keview,"  October,  1872. 

f  For  reoiirded  instances,  see  "  Nature,"  vol.  vii. 

J  "  Introd.  to  Entomology,"  seventh  ed.  1860,  p.  5^2. 
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that  a  boat  which  left  thu  ship  was  loat  A  few  daya  afterwai 
however,  when  the  gates  of  Gibraltar  were  opened  iu  the  morniagv^ 
the  BBS  presented  himself  for  Qdmittance,  and  proceeded  to  the 
stable  of  Mr.  WeeVea,  a  merchant,  which  he  had  formerly  occapic 
to  the  no  small  snrprititi  of  this  gentleman,  who  ima^ned 
from  some  accident  the  animal  had  never  been  shippeil  on 
the  htfi:  On  the  return  of  this  vessel  to  repair,  the  myatcrj 
explained;  aud  it  turned  out  that  Vuliante  (so  the  a«a  was  oUttxI) 
had  not  only  swum  safely  to  shore,  but,  without  guide,  compuRx.or 
travelling  map.  had  found  his  way  from  Point  de  Gal  to  Gibraluir, 
a  distance  ot  more  than  two  hnudred  miles,  which  he  had  never 
traversed  before,  through  a  mountainous  aud  intricate  country, 
intersected  by  streams,  and  in  so  short  a  period  that  he  could  nut 
liave  made  one  false  turn.  His  not  having  been  stopped  on  the 
road  was  attributed  to  the  circumiitancc  of  his  having  been  fur- 
xnerly  nsetl  to  whip  criminals  ni>on,  which  was  indicatfd  to  the 
peasants,  who  have  a  superatitious  horror  of  such  asses,  by  the 
holes  in  his  eiirs,  to  which  the  persons  flogged  were  tied.'* 

In  consideration  of  the  existence  of  facts  of  this  kind,  it 
18  coutcudcd  that  we  cannot  possibly  account  for  them  by 
nny  conceivable  extension  of  the  senses  of  Smell  and 
Sight ;  aud  that  wo  must  su]>pose  animals  generally, 
though  unequally,  to  be  endowed  with  a  peculiar  sense 
whereby  thoy  are  enabled  to  retain,  in  the  midst  of  all 
their  wanderings,  a  constant  perception  or  *  sense  of  direc- 
tion '  of  places  from  which  they  have  been  removed  and 
with  which  they  have  become  intimately  associated. 

Quite  recently,  too,  an  announcement  has  been  made  b^ 
M.  E.  Cyon,*  which  will  doubtless,  sooner  or  Uter,  throw 
ranch  light  upon  the  question  of  the  Organ  and  Nerve  Cen- 
tres, having  to  do  with  this  assumed  *  sense  of  Direction* 
which  seems  to  exist,  though  very  unequally,  in  ^lan  and 
80  many  of  the  lower  animals. 

M.  Cyon*s  researches  have  led  him  to  aunounce  the 
existence  of  a  more  or  less  independent  Organ  of  Sense 

»  -Con*!*.  RondV*  31sl  December,  1877- 
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(previously  jcgarded  as  one  of  the  parts  of  tLe  organ  of 
Hearing,  of  great  physiological  imporUmce,  wliich  be  desig- 
DfiteR  tlio  '  sense  of  Space.*  Some  of  his  conclusions  on 
this  subject  are  as  follows  : — 

''  The  Semi-circuliir  Canals  are  the  peripheral  organs  of 
the  sense  of  Space,  that  is  to  say,  thc^imprcssions  produced 
by  the  excitation  of  the  nerve  expansions  in  tlio  ampullro 
of  these  canals  seem  to  form  our  notions  of  the  three 
dimeuRions  of  space.  The  impressions  &om  each  canal 
jrrespond  to  one  of  these  dimensions,'* 
'  The  physiological  excitation  of  the  peripheric  termi- 
nations belonging  to  the  organ  of  the  sense  of  Space  occurs 
I  probably  in  a  mechanical  manner,  by  means  of  the  otoliths 
!  which  exist  in  the  ampullte.  These  otoliths  will  bo  thrown 
into  nbration  by  eveiy  active  or  passive'movement  of  the 
head,  and,  perhaps,  also  by  the  atmospheric  waves  whose 
movements  the  tympanic  membntne  transmits  to  the  liquid 
which  fills  the  system  of  scrai-circnlar  canals." 

**  The  eighth  pair  of  cerebral  nerves  thus  contains  two 

I  nerves  of  sense  altogether  distinct— tlie  Auditory  Nerve 
Ind  the  Space  Nerve  (Raumnerv)."* 
E: 
crit 


*  All  that  pc^rtniris  Ut  tliis  difficult  subject  is  still  in  ita  infancy. 

Bnce  tbe  above  was  in  tyj^e  two  artidea  have  bceu  published  on 

le  fjueation  in  this  coiintrjr.  which,  in  addition  to  exposition  and 

'criticiam,  contain  references  to  the  hterature  of  the  subject.    The 


one,  by  Dr,  Crum  Brown,  la  in  "Nature"  for  October,  1878; 
id  the  other,  by  Frof.  Croom  Roberttion,  in  "ilind/'  Octt)bcr, 
(78.  p.  5oy. 
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We  may,  without  mnch  difficulty,  convince  onrselves  tbat 
ccrtuiu  musculur  actions  are  habitually  going  on  vt-ithiu 
our  bodies  in  a  more  or  less  continuous  fashion,  indepen- 
dently of  Will,  and  even  without  arousing  our  Conscious- 
ness. To  this  cl^ss  belong  the  movements  of  the  Heart, 
Again,  we  may  learn  that  other  internal  muscular  actions, 
equally  independent  of  Will  and  free  from  conscious 
Accompaniment,  take  place  in  a  distinctly  intermittent 
fashion.  To  this  class  belong  those  contractions  of  tbo 
Stomach  and  Intestines  which  occur  during  the  digestion 
and  assimilation  of  food.  Again,  we  may  learn  that  still 
other  internal  contractions — such  as  those  concerned  in 
oviposition  or  in  the  birth  of  young — recur  at  much  longer 
intervals,  though  they  are  similarly  independent  of  Will 
and  uuiustigated  by  conscious  impressions. 

Other  and  wider  muscular  actions,  partly  internol  and 
partly  external,  also  take  place  iu  a  rhythmical  manner  in 
relution  with  systemic  conditions.  The  motions  of  the  dio* 
phragm  and  of  the  thoracic  and  abdominal  walls^  in  con- 
nection with  Respiration,  belong  to  this  category.  Theso 
movements,  though  iu  the  main  independent  of  Will,  ore 
capable  of  being  very  considerably  modified  thereby ;  and 
while  they  are  moat  frequently  unheeded,  they  have  a  very 
recognizable  accompaniment  of  feeling  when  attention  is 
distinctly  turned  to  them. 
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Actions  wLicb  take  place  indopcmlently  of  AVill  as  an 
instigator  atul  with  macLiiie-like  regularity,  are,  as  tho 
reader  is  now  aware,  known  to  physinlopists  as  *  reflex  *  or 
'  antomatic'  actions.  All  the  acts  above  mentinned  belong 
to  thia  category,  and  these  particular  examples  are  further 
characterized  by  the  fact  that  Iho  impressions  which  incite 
them  are  altogether  unfelt.  They  are  results,  that  is,  of 
unconscious  impressions.  Many  other  automatic  actions, 
however,  exist — sneezinfj  and  coughing  being  examples — 
in  which  this  latter  peculiarity  is  wanting. 

But  why,  it  may  bo  asked,  are  Uio  actions  above  speci- 
fied iKirformed  with  such  andeviating  regularity,  and  at 
tlio  instif^ation  of  mere  unconscious  impressions  ? 

During  the  untold  ages,  in  which  organisms  have  existed 
with  food-taking  pro(>cnsitics  and  alimentary  canals,  con- 
tractions of  tho  Intestine  have  been  ensuing  at  short 
internals,  in  response  to  the  stimulus  supplied  by  food. 
Since  contractile  Hearts  were  first  evolved,  they  have  never 
ceased  to  beat  iu  the  lineal  descendants  of  inconceivably 
numerous  generations  of  slowly  modifying  animal  types. 
The  contractions  of  Oviducts  or  of  the  Womb,  as  well  as 
the  movements  concerned  in  Respiration,  also  had  their 
beginnings  in  foiins  of  hfe  whose  advent  is  now  buried  in 
the  immeasurable  past. 

Let  us.  however,  place  side  by  side  with  these  consider- 
ations, the  Well-known  fact  that  one  of  the  essential 
peculiarities  of  nervous  action  is,  that  movements  which 
are  at  first  cxe*'uted  slowly  and  in*egulnrly,  may,  after 
numerous  repetitions,  become  rapid  and  regular — mora 
especially  if  on  successive  occusions  the  stimuli  are  similar, 
and  nothing  intervenes  to  alter  tho  manner  in  which 
tlie  recurring  acts  are  performed.  It  need  not,  therefore, 
surprise  us — especially  after  what  we  have  learned  as  to 
the  genesis  of  '  reflex  *  actions — to  find  that  the  oouti-ac- 
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tions  of  viscera  take  place  automatically,  and  even  in 
response  to  unfelt  impressions. 

£ui  now  lot  UB  ^^Innce  at  other  incidents  in  association 
with  those  visceral  impressions  and  actions. 

No  *  needs  '  or  *  nppetites  *  exist  in  connection  with  the* 
action  of  the  Heart,  for  the  very  simple  reason  that  its 
Btimnlua  is  always  at  hand,  and,  in  the  form  of  arterial  or 
venous  blood,  actually  flows  into  the  several  cardiac  cham- 
bers, after  each  contraction.  It  is  a  little  different  with 
regard  to  the  Rcspimtory  Organs.  Aerated  water  or  pure 
air  does  not  always  surronnd  the  organism;  and,  as  a 
conaeqiienre  of  this  occasional  absence  of  the  proper  stimu- 
lus, it  is  found  that  under  such  unnatural  conditions  a 
'respiratory  need,'  or  want,  is  felt.  Owing,  however,  tOj 
lliis  being  a  want  of  accidental,  rather  than  of  rcgolai 
occurrence,  it  never  attains  the  more  definite  and  more 
regularly-recurrent  character  of  an  '  appetite.' 

How  ditferent  is  it  with  the  Alimentary  Canal.  Its  par- 
ticular stimulus  is  not  ever  present  like  that  of  the  heart, 
or  only  occasionally  absent,  as  with  that  of  the  respiratory 
organs ;  it  mostly  has  to  be  songht.  Hence  it  is  that 
the  habitually  recurring  need  reveals  itself  as  a  defi- 
nitely returning  appetite  for  food.  Much  the  same  kind 
of  origin  is  to  be  ascribed  to  the  sexual  appetite,  except 
that  it  is  one  which,  in  organisms  generally,  recurs  at 
more  or  less  distant  intervals.  Just  as  hunger,  however, 
depends,  almost  wholl}',  upon  impressions  coming  from 
the  alimentary  canal,  so  does  the  sexual  appetite  depend, 
in  the  main,  upon  particular  states  of  certain  Generativ^k^ 
Organs. 

Any  one,  who  carefully  studies  the  acts  of  lower  animali 
will  readily  recognize  how  very  large  a  proportion  of  them' 
arc,  either  immediately  or  remotely,  instigated  by  one  or 
other  of  these  visceral  needs  or  'appetites.* 
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The  mode  in  which  atatos  of  viscera  operate  in  deter- 
mining nn  organiBtu's  activities  is  not  difficult  to  nnder- 
stand.  It  has  been  previouslj  pointed  out  that  the 
Stomach  is  uhvava  in  direct  coraruiinication  with  the  Brain, 
and  that  the  Ocuerativo  Organs  are  also,  either  directly  or 
indirectly,  in  close  connection  therewith.  Impressions, 
therefore,  may  emanate  from  either  of  these  organs,  which 
habitually  pass  on  to  tlie  priucijuil  nervous  centres,  and 
tliere  come  into  some  kind  of  relation  with  one  or  more 
of  the  special  sense-centres,  whose  activity  they  serve  to 
heighti^n.  That  there  is  an  intimate  correlation  between 
visceral  needs  and  sensorial  activity  cannot  be  denied. 
An  appetite  for  food,  or  a  desire  to  find  a  mate,  commonly 
suffices  to  call  certain  sense-centres  into  a  state  of  keen 
receptivity  to  impressions,  and  thus  affords  conscious 
intelligence  an  opportunity  to  come  into  i)lfty  for  the  im- 
mediate guidance  of  the  animal  in  its  search  for  what  it 
needs,  and  in  its  execution  of  all  those  acts  to  which  it  is 
prompted  for  the  gratification  of  this  or  that  appetite. 


From  what  has  been  previously  said,  it  will  be  seen  to 
l>e  almost  an  inevitable  necessity  that  all  acts  which  are 
immediately  responsive  to  visceral  needs,  as  well  us  nil 
which  daily  and  habitually  succeed  some  recurring  impres- 
sion, should  be  the  most  deeply  automatic  in  nature.  Tho 
mode  in  which  the  representatives  of  each  kind  of  organism 
soiKG  and  swallow  their  food,  should,  for  instance,  like  the 
action  of  the  viscera,  be  more  or  less  common  to  the  whole  of 
them,  and  performed  with  machine-like  regularity.  And  so 
with  other  actions  which  have,  during  succeeding  ages,  been 
tftkinfiT  place  in  response  to  particular  sensorial  impressions 
throughout  the  lives  of  untold  generutions  of  animals. 

It  would  follow,  therefore,  for  the  same  reason,  that  if, 
with  any  organisms,  the  acts  more  remotely  prompted  by 
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vf&ceral  needs  are  performed  amidst  prncticoUy  nniform 
conditions,  tliat  these  acts  would  niso  tend  to  exhibit  some 
dcprto  of  the  same  uniformity — whether  they  are  connected, 
with  search  after  or  storing  of  food,  with  capture  of  prey, 
with  sexual  dulliniice,  or  with  the  di'positiun  or  care  of 
eggs  or  young.  The  neiTe  tissues  having  to  do  with 
any  mixed  enries  of  haliitaally  recurring  impressions  and 
actions,  would,  in  the  course  of  ages,  come  to  be  so  organi< 
,  cully  knit  together  as  to  permit  of  the  manifestation  o\ 
a  machine-like  regularity  of  habit,  approximating  to  that 
"which  is  observed  in  the  performance  of  the  simpler  acta 
more  immediately  dependent  upon  visceral  stimuli. 

The  possibility  of  executing  any  simple  Instinctive  Acta, 
and  still  more  those  which  constitute  a  complex  series,  cai 
only  have  been  built  up  and  definitely  organized  after  Bn< 
cessire  generations  of  animals  have  been  habitually  sub- 
jected to  the  impressions  to  which  the  acts  are  rclut^^d,  and 
after  such  impressions  have,  at  last,  invariably  led  to  iba, 
particular  motor  results  in  question.     "VVe  owe  the  fii 
distinct  enunciation  of  this  light-giving  notion  to  Uurbei 
Spencer.     He  says  :* — **  Let  it  be  granted  that  the  moi 
frequently  psychical  sttites  occur  in   a  certain  order, 
Blronger   becomes  their  tendency  to  cohere  in  that  onlei 
until  they  at  last  become  inseparable;  lot  it  be  granted  th( 
this  tendency  is,  in  however  slight  a  degree,  inherited, 
that  if  the  experiences  remain  the  snme,  each  successr 
generation  becjueathsa  somewhat  increased  tendency  ;  am 
it  follows  that,  in  oases  like  the  one  described,  there  must 
evfiitually   result    au    automatic    connection    of    nervous 
actionn,  corresponding  to  the  external  ruluUons  pei'pctually 
experienced.     Similarly,    if    from    some  change    in    the 
of  liny  species,  its  meTuK'ra  are   frequently 
tact  with  a   relation  having   terms   a   little 
iplcfl  of  I'wychology/  vol.  i.  p.  430. 
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more  involved  :  if  the  orf,'anization  of  the  species  is  so  far 
developed  as  to  be  impressible  by  these  terms  in  cUtso 
succession  ;  then,  an  inner  reliition  corresponding  to  this 
new  outer  relation  will  gnidually  be  formed,  and  will, 
in  the  end,  become  orgiuiic.  And  so  on  in  suhsequcni 
sttt;,'ea  of  profjresH/' 

This  chistcring  together  and  inutuul  dependence  of  the 
ortpmic  representatives  of  certain  impressions  and  acts, 
ruij^ht  be  expected  to  take  phice  more  eBpucially  in  con- 
nection with  an  auimars  search  after,  capture  and  dis- 
posal of,  food  ;  with  the  construction  of  their  Lnbiiutions, 
or  the  seeking  out  of  phices  of  shelter ;  also,  in  reference 
to  the  succeasivc  incidents  of  their  amours,  to  the  be^t 
disposal  of  their  eggs  (with  possible  migrations  to  effect 
this  object),  or  to  the  proi>er  care  of  their  young  till  they 
are  capable  of  looking  after  themselves.  This,  however, 
covera  the  ground  of  most  of  the  so-called  Instincts, 
which,  as  H.  Sjjencer  says,  are  to  be  regarded  as  •*  or- 
ganiised  and  inherited  habits"  of  a  more  or  less  intricate 
character. 

lu  all  the  more  complex  Instinctive  Acts,  we  have  iu 
fact  to  do  with  a  more  or  less  prolonged  series  (»f  impres- 
sions and  interj'>olated  mu^^cutar  movements  associated 
very  closely,  and  following  one  another  with  a  regularity 
only  a  little  less  marked  than  that  which  characterizes 
the  sequence  of  impressions  and  movements  in  tliose 
*  reflex  acts  *  described  in  a  previous  chapter.  Instincts 
arc  therefore  very  correctly  regarded  as  serial  aggregations 
of  such  reflex  acts,  and  accordingly  they  have  also  been 
named  by  Herbert  Spencer  '  compound  reflex  actions.' 

Although  each  of  the  component  acts  may  (like  reflex 
acts  in  general)  present  purposive  characters,  and,  though 
they  may  be  all  combined  so  ns  to  lead  to  a  definite 
end,  there  is  no  reason  for  believing  that  such  '  eud^i  '  are. 
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of  necessity,  previously  realized  or  itnaj^'ned 
lure  performing  the  acts,  any  more  than  tuc  xiunuiusv       t 
frog  realizes  the  *  end  *  of  movemcDts  which  seem  to  us      i 
to  be  distinctly  pui-posive.   It  may,  however,  be  otherwise.       ' 

Thus  in  many  Instincts  an  ahiding  visceral  state  (l>o-^H 
getting,  as  it  does,  a  corresponding  appotite  or  desire)^^ 
exercises  its  powerful  influence  upon  the  higher  nerve 
centres  generally,  and  so  supplies  a  stimulus  more  or  less 
definitely  realized  prompting  to  a  scries  of  sensorially-  , 
guided  acts,  which,  owing  to  the  similarities  of  the  environ-  i 
ments  of  individuals  of  each  species,  are  subject  to  com-  i 
parativcly  little  variation  in  their  successive  steps.  I 

BrouRHais,  following  in  the  wake  of  Cabanis,  was  one 
of  the  first  to  point  out  the  great  importance  of  visceral 
states  and  impressions  in  reference  to  Instinctive  Acts.  , 
Citing  a  well-known,  but  important,  illustration,  be  says  :• 
**  If,  when  a  lien  is  impelled  to  inculmtion,  we  dip  her 
belly  several  times  in  cold  water,  the  excitement  dis- 
appears, and  the  kind  of  clucking  which  accompanies  this 
desire  ceases,  together  ivith  all  the  other  acts  related 
the  same  end.'*  And,  that  there  are  visceral  causes 
states  lying  at  the  root  of  the  sexual  instincts  generaUy, 
may  he  inferred,  among  other  things,  from  the  fact  thai 
in  animals  which  have  undergone  certain  mutilations  sdcI 
instincts  remain  in  abeyance.  These  states  are  onlyperh 
odically  aroused  in  many  animals,  and  in  Birds,  more  es] 
cially,  wo  find  sexual  changes  forming  part  of  the  season) 
rhythm  of  bodily  states.  **  The  pairing  of  animals  nsu&lly 
begins  to  take  place  in  the  spring ;  when  the  winter  is 
passed,  the  earth  is  covered  by  verdure  and  adorned  by 
the  various  flowers  that  now  expand  their  blossoms.  ,  ,  • 
The  birds  sing  their  love  songs ;  the  nightingale  is  now 
*  most  musical  most  melancholy*;  the  cuckoo  repeats  his, 
♦  "Traits  de  Pliysiologie,"  Pt.  I.,  chop.  riL 
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monotonous  note  ;  and  every  other  animal  Beems  to  par- 
take of  the  nnivcrsal  joy."* 

The  principal  lustincLsof  animals  have  been  ^oaped  by 
naturalists  under  three  heads  :^ 

1-  Those  dependent,  inimcdiatcly  or  remotely,  npou  incita- 
tions  from  the  Alimentary  Canal  {e.g.,  mode  of  seeking. 
oaptnre,  sehingt  storing,  or  s-vaUowing  of  food;  and 
some  cases  of  miration). 

2.  Tbo«e  dependent   upon    incitations   from   the    Generative 

Organs  {e.g.,  pairing,  nidification,  oviposition,  care  of 
yoang;  and  aome  cases  of  migration). 

3.  Those  dcpondent  upon  more  general  impresHionn,  pcrbaps 

partly  internal  and  partly  exiermU  ia  origin  (hyberna- 
tion and  migruttuii). 

These  are  the  classes  considered  by  Klrby  and  other 
writers.  Those  of  the  first  set  are  often  spoken  of  aa 
InstiDCts  of  "  self-preservation,"  and  the  second  as 
Inittincts  "devoted  to  the  pei-j^etuation  of  the  Rpecies.*' 
But  language  of  this  kind  is  apt  to  be  misleading. 
Animals  under  the  influence  of  these  instincts  cannot 
rightly  be  supposed  to  act  as  a  result  of  reflection,  but 
rather  to  be  at  each  step  (thou^^h  more  or  less  guided  by 
memory  and  present  sensorial  impressions)  urged  on  by  a 
'  blind  impulBG.*  Although  the  succ-esHive  components  of 
Instinctive  Acts  for  the  most  part  lead  to  very  doflulta 
ends,  apparent  enough  to  the  onlooker,  no  defmito  con- 
ception of  the  ultimate  end  to  he  obtained  can  be  commonly 
supposed  to  actuate  the  animal. 

It  is  this  negative  characteristic,  indeed,  which  goes  far 
to  explain  the  essential  peculiarity  of  Instinctive,  as  opposed 
to  Rational,  Acts.  Three  leading  peculiarities  of  these 
Acts  were  given  long  ago  by  Dr.  W.  Alison, f  which  aro  aa 

♦  Kirby**  "  Habits  and  Instiuctfl  of  Aninmls,"  vol.  ii.  p  183. 
t  "  Cyclop,  of  Anat.  and  Physiol.,"  vol.  iii.  p,  +. 


923 


INSTINCT: 


follows : — (1)  Tliey  are  always  performed  by  indiTiduals 
of  the  same  species  in  nearly,  if  not  in  exactly,  tbe  sa 
manner.      (2)  No  experience  or  education  is  required 
order  that  the  different  -voluntary  efforts  retjnisite  for  the; 
actions  may  follow  one  another  with  unerring  precisio 
(3)  They  are  occasionftlly  seen  to  Le  performed  under  cir- 
cumstances which  the  onlooker  (having  regard  to  the  ends 
usually  accompliHhed  by  the  acts)  recognizes  as  rendcrin 
them  nugatory. 

In  illustration  of  the  first  and  second  peculiarities,  tbe 
following  quulatiun  from  Hichat  may  he  cited*  He  said  : 
*•  If    we  examine   difi'erent  animals    at    the    moment  of 

birth,  "we  bhall  see  that  the  special  instinct  of  each  directs 

the  execution  of  peculiar  movements.     Young  qnadrnped^^f 
seek   the    mammie  of  their  mothers,   birds  of  the  ordcf^ 
GallinacofB  seize   immediutely  the  grain   which   is  their 
appropriate  nourishment,  while  the  young  of  the  carnivor- 
ous birds  merely  open  their  mouths  to  receive  the  food 
which  their  parents  briug  to  their  nests." 

The  third  peculiarity  exemplifies  the  •  blindness  of 
Instinct,*  and  may  be  illustrated  by  the  fact  that  Blow-dies 
often  deposit  their  eggs  on  a  plant  [Chenopodium  ftt^tida) 
whose  odour  resembles  decaying  meat,  though  it  is  quite 
unsuitable  as  a  nidus  for  such  eggs  ;  or  by  the  fact  that 
the  Bee  gathers  and  stores  up  honey  even  in  a  climate 
whf*ro  there  is  no  winter ;  by  the  fact  that  a  Hen  will  co 
tinue  to  sit  on  a  pebble  which  has  \teen  put  in  the  pla 
of  an  egt;,  and  that  she  shows  the  same  kind  of  solicitude 
for  ducklings  that  have  been  hatched  under  her  as  she 
would  for  cliickons  produced  from  her  own  eggs. 


Some  powers  and    instincts  (a)  are  connate:  that 
the   animals  are    eapa^Ae  of    manifesting  them  almt 
immediately  after  b^vUi,   ^^  without  the   occurrence  of 
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previous  abortive  attempts  and  failures.    D.  A.  Spalding 
sajs:* 
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"  'Die  pig  ia  an  animal  tlmt  hiia  its  wita  about  it  qnite  ns  Boon 

ter  birth  astlie  cliicken.     I,  thurofure,  selocteJ  it  aa  a  subject  of 

btiervdtion.    The   following  are   bodio  of  my  observations ;  That 

gorous  younf;^  pv*n  get  up  and  search  for  tH«  teat  at  once,  and 

within  one  minuto  after  their  entraaco  into  the  worlJ  ;  that  if  re- 

moved  several  fe«t  from  their  mother,  when  ageii  only  a  few  miuuieop 

they  soon  find  their  way  back  to  her,  guided  apparently  by  the 

grunting  8he  mukea  in  anuwer  to   their  Bqueiiking One 

pig  I  pntin  a  bag  tho  moment  it  was  bora,  and  kept  it  in  the 
ark  tilt  it  was  seven  hours  old,  when  I  placeil  it  outstde  the  sty, 
distance  of  ten  feet  from  where  the  aow  lay  concealed  inside  the 
uae.  The  pig  soon  recognized  the  low  grunting  of  its  mother, 
Wcct  along  outttidc  tho  sty,  straggling  to  get  under  or  over  the 
lower  bar.  At  the  end  of  five  minutes,  it  succeeded  in  forcing  itself 
through,  under  the  b.ir,  at  one  of  the  few  places  where  that  won 
possible.  Ko  sooner  in,  than  it  went  without  a  pause  into  the 
pig-house  to  its  mother,  and  was  at  once  like  the  others  in  it« 
behaviour." 


In  other  cases,  however,  powers  or  instincts  (h)  which 

canuut  be  mauifested  at  biith  become  developed  after 

days  or  weeks ;   apparently  because,  iu  these  cases,  tho 

Nervous  Systems  of  the  yuuu^'  animals  have  to  go  through 

rtaiii  stages  of  dovelopment  beyond  those  which  have 

een    attained   at   tho   time   wlien   the   young  leave    the 

vidacts  or  womb  of  the  mother. 

On   this    subject,   D.    A.    Spakliag   remarks :    '*  The 

timan   infant  cannot  masticate ;   it  can  move  its  limbs, 

ut  cannot  walk,  or  direct  its  hands  so  as  to  grasp  an 

object  held  before  it.     Tho  kitten  just  born  cannot  catch 

mice.     The  newly-hatched  swallow  or  tomtit  can  neither 

walk,  nor  fly,  nor  feed  itself.     They  are  helpless  as  the 

human  iufaut.     Is  it  as  the  result  of  painful  learning  that 

"  •  •'  Maomillan's  Magazine,"  February,  1873. 
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the  child  Bubsequently  seizes  an  apple  and  cats  it?  that 
the  cat  lies  in  wait  for  the  mouse  ?  that  the  bird  finds  i) 
proper  food,  and  -winga  its  way  through  the  air?  We 
thiuk  Bi)t.  Wilh  the  dcvelopiuent  of  the  physical  parts, 
comes,  according  to  our  riew,  the  power  to  use  them  iu 
the  ways  that  have  preserxed  the  race  through  past  ages. 
This  is  in  Larniony  with  all  wo  know.  Not  so  the  contrarj 
Tiew." 

In  regard  to  some  of  those  powers  which  only  bed 
possible  several  days  ufttr  birth,  it  can  be  clearly  show] 
that  they  are  no  more  'learned^  by  the  individual  than  are 
those  which  are  capable  of  being  manifested  immediatfl; 
after  birth.   Some  organisms  arc  born  in  a  state  of  greut< 
maturity  than  others,  and  in  those  in  which  immaturity  ij 
most  marked  (as  in  the  human  infant),  as  well  as  in  thui 
iu  which  it  is  less  marked,  the  necessary  time  must  elapi 
for  the  several  parts   of  the  body,  and  especially  of  tha 
Nervous  System,  to  develop,  before  certain  truly  instin* 
tive  desires  and  acts  are  capable  of  showing  theraselv< 
Thus  only  cau  we  explain  the  late  appearance  of 
Instinctive  Acts  in  animals  generally,  as,  fur  iustaucc,  thi 
powers  of  flight  shown  by  young,  but  only  recently- fledge< 
Birds  who  have  made  no  previous  attempts  to  fly.     Thi 
manifestation  of  this  latter  power,  iudependently  of  lean 
iiig.  has  jilso  been  experimeutully  veriiled  by  Spalding. 


Hti  placed  sonic  youiij(  unfledjjed  Swallows  "in  a  funatl  box  n< 
much  longer  Iban  the  ne^t  from  which  they  wore  taken.  Tfa« 
litllu  box,  which  had  a  wire  H-ont,  was  hung  on  the  wall  near  the 
uuat,  aad  the  young  swallows  wt^re  fod  by  their  parents  through 
the  winai.  In  this  confintm*'nt,  where  they  coold  not  even  eit4'ud 
thoir  wingR.  they  were  kept  until  aft^r  they  wore  fully  fledged." 
Thd  biida  we^i  thoii  liljer.ited,  and  their  actions  carefully  tiatched. 
Of  two  yoiinj^  swallows  which  had  been  confined  iu  this  manner  till 
ihflir  wwffi  hud  grown.  SpulJintf  says, "  One,  on  being  set  free,  flew 
-ud  or  two  too  clo«e  to  the  gronnd,  rose  again  in  the  dii 
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of  a  beech-tree,  which  it  grucefully  avoided;  it  was  seen  for  a  coa* 
aideral)le  time  8wee|iinff  round  the  beeches,  and  perfurming  mag- 

I  niticeiit  evolutioas  in  the  nir  high  above  them.  Tlie  other,  which 
was  observed  to  beat  the  air  with  ita  winga  more  than  usual,  was 
Bot>n  lost  to  sight  behind  some  trees."    He  adds,  "Titmice,  tointita, 

I         and  wreiif)  I  have  made  the  Bubjecta  of  a  similar  stndj,  and  with 

I         fiiuiilar  resuIU." 

^H  The    Plasticity   of  Instinct. 

TTie  same  careful  obsorvor  siivh  ;*  **  Thougli  tlie  instincts 
of  animals  nppcnr  and  disappear  in  such  seasonable  corre- 
spondence with  their  own  wants  and  the  wants  of  their 
offspring  as  to  bo  a  standing  subject  of  wonder,  they  have 
by  no  means  the  fixed  and  unalterable  character  by  which 
some  would  distinguisli  them  from  the  higher  faculties  of 
the  human  race.  They  vary  in  the  individuals  as  docs 
their  physical  structure.  Animals  can  learn  what  they 
did  not  know  by  instinct,  and  forget  the  instinctivo  know- 
ledge which  thoy  never  learned,  while  their  instincts  will 
often  accommodate  themselves  to  considerable  changes  in 
the  order  of  external  events."  Ho  then  records  the  fol- 
lowing experiment : — 

"  Everybody  knows  it  to  bo  a  common  practice  to  liabcb  dacka' 
eggs  under  the  common  hen,  though  in  such  cases  the  htJti  has  to 
ait  a  week  longer  than  on  her  own  eggs.  I  tried  an  experiment  to 
ascertain  how  far  the  time  of  sitting  could  be  interfered  with  in  the 
opposite  direction.  Two  hens  became  broody  on  the  same  day,  and 
I  set  them  on  dnmmiea.  On  the  third  day  I  pnt  two  chicks  a  day 
oM  to  one  of  the  two  hens.  She  pecked  at  them  once  or  twice; 
ncenied  rather  fidgety,  then  took  to  them,  called  them  to  her,  and 
entered  on  all  the  cares  of  a  mother.  The  other  hen  was  similarly 
tried,  but  with  a  very  different  resuH.  She  pecked  at  the  chickona 
viciously,  and  both  that  day  and  the  next  stubbornly  refuded  to 
have  anything  io  do  with  them." 

*  ••  Natnrc,"  October  7, 1876.  p.  507, 
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Another  exeelleot  example  of  the  plastieitj  of  loBtinct ; 
that  is^  of  the  way  in  which  an  instinct  vnU  vary  under  new 
conditions,  has  been  recorded  bj  G.  J.  Romanes.  This 
ingenioaa  observer  writes*  : — 

"Three  years  ago  I  gare  a  pea- fowl's  egg  to  a  Brahma  Ken  to 
1iat«fa.  The  ben  wtu*  an  oM  one,  and  liad  preriooflly  reared  many 
broods  of  ordinary  chicVens  with  onasnal  mocefis,  eren  for  ooe  of 
her  breed.  In  order  to  batch  the  pea-chick,  she  had  to  lit  one 
week  longer  than  is  requisite  to  hatch  an  ordin-iry  chick. 
The  object  with  which  I  made  this  experiment,  however,  was 
of  ascertainiDf;:  whether  the  period  of  matemnl  care  snbaeiqaesi 
incnlutlon  admits,  qodtT  pecaliar  conditions,  of  being  proloagedj 
for  a  pea*chick  requires  snch  care  for  a  very  mach  longrr  time  than 
does  an  ordinary  chick.  As  the  separation  between  a  hen  and  her 
ehickt^ns  always  appean  to  be  dae  to  the  former  driviag  away  lbs 
IntUfr  when  they  are  old  enoagh  to  shifi  for  themselves,  I  scarcety 
expected  the  hen  in  this  case  to  prolong  her  period  of  maternal  care, 
and,  indeed,  only  tned  the  experiment  because  I  thonght  that  if 
•he  did  so,  Uie  facL  would  be  the  best  one  imaginable  to  show  %m 
ichai  a  high  degree  hereditary  instinct  may  he  nuidijied  hy  j*eculiar 
in4icidnal  erperifuee^  The  resuH  waa  very  surprising.  For  the 
enormous  period  of  eighteen  months  this  old  Brahma  hen  remained 
with  her  ever  growing  chicken,  and  throughout  the  whole  of  that 
time  she  ronttoued  to  pay  it  unremitting  attention.  She  never 
liUd  anyeggtt  daring  this  lengthened  period  of  maternal  anperriaiaa, 
and  if  at  any  time  she  became  accidentally  separated  ^m  her 
charge,  the  distress  of  both  mother  and  chicken  was  rerygreak, 
Kventuatly  the  separation  seemed  to  take  place  on  the  side  of 

peacock. In  conclosion,  I  may  observe  that  the  peaooci 

reared  by  this  Bnihniahen,  turned  out  a  finer  bird  in  eveiy  way  thai 
did  any  of  his  brothers  of  the  same  brood  which  were  reared  by' 
their  own  mother;  but  that,  on  repc^itiug  the  experiment  next 
year  with  another  Brahma  hen  and  several  pe&  chickens,  the  result 
was  different,  for  the  hf'n  deserted  her  family  at  the  time  when  it 
is  oatuiiil  for  ordinary  hens  to  do  so,  and,  in  consequence,  all 
pca-chiekens  miserably  pcrihhed." 

Another  observation  proving  tlie  modifiabih'ty  of  In*j 
*  "  Natnre,"  October  2r»,  1875,  p.  Sr»3. 
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stiDcts  in  Binls  has  been  recorded  by  tlio  sume  observer, 
and  is  of  ^eat  interest.     He  srys* : — 

•*  A  bitch  ferrot  slrant^Ied  herself  by  tryin?  to  sqncozo  thron^h  too 
narrow  an  oprning.  Sh«  left  a  very  youn^  family  of  tbreeorphans. 
These  I  gave,  in  tbe  uiiddle  of  the  ilay.  to  a  Brahiua  hoii.  which  had 
})*Ki\  flitting  on  dummies  furalK>iit  a  month.  She  took  to  thcai  almubt 
iran'cdiiitely,  and  rcmuined  with  them  fur  rather  more  than  a  fort- 
night, at  the  end  of  whicli  time  1  hud  to  canue  a  separation,  in 
cwneeqnence  of  the  hen  having  suffocated  one  of  the  ferrets  by 
standing  on  ita  neck.  During  the  whole  of  the  time  that  the 
ferrets  were  left  with  the  hen,  the  hitter  had  to  sit  n[ion  the  nest, 
for  tlie  young  ferrets,  o!  conrse,  were  not  able  to  follow  the  ben 
u)»ont  aa  chickens  would  have  done.  The  hen,  as  might  be  expected, 
was  very  mnch  pnzzled  at  the  letlmrgy  of  her  offspring.  Two  or 
three  timet)  a  day  she  used  to  Uy  utf  the  nest,  calling  u|Km  her 
hrnol  to  fiillow;  but  npon  heating  their  cries  of  distress  from  cold, 
she  alwayu  returned  iinuie^liateiy,  and  sat  with  patience  for  eix  or 
seven  honr-i  more.  I  should  have  snid  that  it  only  took  the  lien 
one  day  to  learn  the  meaning  of  these  cries  of  disti'CBS ;  for  after 
the  first  day  she  would  alwaj-s  run  in  on  agitated  manner  to  any 
place  where  I  concealed  the  ferrets,  provided  that  this  place  was 
not  too  far  away  from  the  nest  to  prevent  her  from  hearing  the 
cries  of  distrcMS.  Yet  I  do  not  think  it  would  bo  potiaibleto  conceive 
of  a  greater  contract  than  that  between  the  shrill  piping  note  of  a 
young  chicken  and  the  hoarse  growling  noise  of  a  young  ferret. 
On  the  other  hand,  I  cannot  say  that  the  young  ferrets  ever  seemed 
to  learn  the  meaning  of  the  hen's  cincking. 

**  Dnriug  the  whole  of  the  time  that  the  hen  was  allowed  to  sit 
upon  the  ferret«,  she  used  to  comb  out  their  hair  with  her  bill,  ia 
the  same  way  as  hens  in  general  comb  out  the  feathers  of  their 
chickens.  AVhilc  engaged  in  this  process,  however,  she  used  fre- 
quently to  stop  and  look  with  one  eye  at  the  wriggling  ncstfuh  with 
an  enquiring  gaxe  expressive  of  astonishment.  At  other  times,  also, 
her  family  gave  her  good  reason  to  bo  Hurprised,  for  she  used  often 
to  fly  off  the  nest  suddenly  with  a  loud  scream,  an  action  which 
was  doubtless  dan  to  the  unaccustomed  aensation  of  being  nipped 
by  the  young  ferrets  in  their  search  for  the  teats.  It  is  further 
worth  while  to  remark  that  the  hen  showed  so  much  uneasiness  of 

*  lioo.  cit^  p.  554. 
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inind  wben  tfat»  ftrrvU  were  taken  from  her  to  Le  fed,  th&t  at  ona 
time  £  thought  she  waa  gotni^  to  desert  them  ttltog«thcr.    After, 
this,  therefore,  the  forreta  were  alwuya   fed  io  the  nest,  aod  withj 
this    arraagement  the   hen    was    perfectly  satUEed,   ai>p«rentlj 
hecuuse  she  thought  thut  »lie  thea  bud  some  share  in  the  feedinj 
process.    At  auy  rate,  she  nt^ed  to  cluck  when  bIic  saw  the  milk 

coming,  and  surveyed  the  feeding  ivith  evident  satisraction 

Altogether^  I  consider  this  a  very  remarkable  instance  of  the  pla** 
ticity  of  instinct  The  hen,  it  should  be  said,  was  a  young  one,  and 
hud  never  reared  a  brood  of  chickens.  A  few  months  before  abe 
rcarctl  the  young  ferrets  she  had  been  attacked  and  nearly  killed  by, 
an  old  ferret,  which  had  escaped  from  his  hutch.  The  young  ferrel 
were  taken  from  her  several  days  In-fore  their  eyes  were  open." 

This Toriubility  of  iustiucta uiiJer  vaniiig conditions  is  % 
mutter  of  considerable  importance  in  enabling  ua  better 
to  understftud  the  enormous  variety  of  Animal  Instincta 
find  the  mode  in  which  some  of  the  most  complex  and 
extrnordiuary  of  them  may  bare  originated.  On  this 
subject  Mr.  Darwin  snys  :*  "  Under  domestication  in- 
stincts have  been  acquired,  and  natural  instincts  hard 
been  lost,  partly  by  habit,  and  partly  by  man  selecting 
and  accumuliitiug  during  successive  genemtiona  peculiar 
mental  habits  and  actions,  which  at  first  appeared  from 
vbat  we  must  in  our  ignorance  call  an  accident.  In  some 
cases  compulsory  habit  alone  was  sufficient  io  produce  in- 
herited mental  changes;  in  other  cases  compulsory  habit 
lias  done  nothing,  and  all  has  been  the  result  of  selection 
pursued  both  methodically  and  unconsciously,"  Again, 
among  wild  animals  '*  changes  of  instinct  may  somctirac!i 
be  facilitated  by  the  same  species  having  diflerent  inslluctft 
at  different  periods  of  life,  or  at  diHerent  seasons  of  the 
year,  or  when  jilaced  under  different  circumstaDCCs,  Jtrc. ; 
in  which  case  either  the  one  or  the  other  instinct  might] 
be  preserved  by  natural  selection.  And  such  instances  of  j 
diversity  of  instinct  in  the  same  species  can  be  shoM-n  to 

*  "  Origio  of  Species,"  6th  edition.  18^2,  pp.  206,  207,  211,  2a3J 
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occur  iu  niilure,  .  ,  .  Under  changed  conditions  of  life  it 
is  at  Iciist  possible  that  slight  modifications  of  instinct 
might  be  profitable  to  a  species ;  and  if  it  can  be  shown 
that  instincts  do  vary  ever  so  littlo,  then  T  can  bco  no  diffi- 
culty in  natural  selection  preserving  and  continually  accu- 
xnulating  variations  of  instinct  to  any  extent  that  was  proBt' 
nble.  It  is  thus,  as  I  believe,  that  all  the  most  complex 
and  wonderful  instincts  havo  originated.  As  moditica- 
tions  of  corporeal  structure  arise  from,  and  are  increased 
by,  use  or  habit,  and  are  dimiiiished  or  lost  by  disuse,  so 
I  do  not  doubt  it  has  been  with  instincts.  But  I  believe 
that  the  effects  of  habit  are  in  many  cases  of  subordinato 
importance  to  the  effects  of  natural  selectiou.  of  what  mayj 
bo  culled  spontaneous  variations  of  iustiuets :  that  is  of 
Tariations  produced  by  the  same  unknown  causes  which 

produce  slij^'ht  deviations  of  bodily  structure For 

peculiar  habits  conlincd  to  the  workers  or  sterile  females, 
however  long  they  might  be  followed,  could  not  possibly 
atTect  the  males  and  fertile  females  which  alone  leavo 
descendants." 

As  typical  instances  of  the  more  complex  Instinctive 
Acts  may  be  cited  the  web-weaving  and  nest-building 
habits  of  Spiders  ;  the  gathering  and  storing  of  honey, 
together  with  all  the  social  acts  of  Bees ;  the  slave-makuig 
and  other  habits  of  Auts ;  the  migrations  of  Fishes  at 
spawning-time  ;  the  selection  of  site  and  mode  of  ovi- 
position  among  Amphibia;  the  neBt-buiUling  acts  and 
migrations  of  Birds;  the  house-buikling  and  food-storing 
oots  of  Beavers.  There  cau  be  little  doubt,  that  if  our 
means  of  knowledge  were  greater  than  it  is,  we  should 
be  able  to  explain  these  and  all  other  Instincts  by  refer- 
ence to  the  doctrines  of  '  inherited  acquisition '  and 
'  natural  selection,'  either  singly  or  iu  combination. 


CHAPTER  XV. 


KA8CENT  REASON,  EMOTION',  IMAOINATZOH  AXD  VOUTTONT 


The  views  set  forth  in  precediLg  chapters  in  regard  to 
Reflex  and  Instiuctive  Acliona  permit  certain  importjiiit 
corollariea  to  bo  deduced  therefrom.  And  should  thuso  he 
fouud  to  harmouizd  with  many  known  facts,  such  corre- 
spoodenco  of  facts  with  theoretical  deductions  will  prob- 
ably ho  held  to  afford  additional  evidence  in  favour  of 
the  viowH  in  question. 

In  this  chapter  we  sball  refer  to  three  such  corollarieB^ 
and  see  what  evidence  can  be  adduced  in  support  of  them. 

(1.)  It  would  seem  likely  that, — All  the  definite  acts  of 
very  low  organisms  would  partake  either  of  the  natnro  of 
Reflex  Actions  or  of  the  Simple  Instinctive  Acts  into 
which  these  latter  merge  by  almost  insensible  gradations. 

This  proposition  might  be  expected  to  hold  good  for  all 
the  actions  of  Medusie,  Worms,  and  Molhisks — with  the 
exception,  perhaps,  among  the  latter,  of  Bome  of  those 
manifested  by  the  active  and  higbly  endowed  Cephalopmls, 

A  rude  unfamiliar  touch  of  any  kind  evokes  in  a  Snail, 
on  its  travels,  only  one  set  of  actions :  its  body  and  horns 
contract,  and  the  former  is  drawn  by  its  relroctor  muscle 
within  the  shell.  No  oLlior  actions  are  ever  soon  to  follnw 
Buch  a  stimulus.  In  its  daily  walk,  also,  the  rarioas 
movements  of  the  Snail  are  of  the  simplest  kind,  largely 
instigated,  it  would  seem,  by  the  visceral  and  general  con- 
dition known  to  us  as  *  hunger/  aud  only  more  rarely 
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diversified  by  other  promplii»gs.  IiiHuenccd  by  an  *  im- 
pulse,' or  *  desire'  for  food,  impressions  of  Smell  and 
Sight  doubtless  guide  the  animal  to  the  plants  on  which  it 
is  accustomed  to  feed,  and  whose  leaves  it  devours  trith 
that  accompaniment  of  Feeling,  definite  or  indefinite, 
which  may  pertain  to  its  rudimentary  nervous  actions. 

(2.)  We  might  expect  to  find  that, — The  lower  the  de- 
velopment of  the  Brain  in  those  organisms  which  perform 
any  of  the  more  Complex  Instinctive  Actions,  the  less  fro- 
qnently  would  anything  like  Reason  appear  to  iutervono  in 
their  accidental  relations  with  unfamiliar  phenomena  out- 
side the  range  of  their  ordinary  instinctive  experiences. 

In  order  to  test  the  correctness  of  this  inference,  it 
seems  drsirable  to  study  pretty  closely  some  of  the  recorded 
acts  of  those  Social  Insects  of  which  we  know  most,  and 
whose  inslinctB  are  so  remarkable — such  us  Bees,  Wiispa, 
and  Ants.  "We  may  thus  be  able  to  arrive  at  some  con- 
clusion as  to  the  extent  to  which,  what  is  ordinarily 
termed  '  lienson/  seems  to  influence  their  actions.  For- 
tunately, we  have  available  the  records  of  numi^rons  ex- 
perimental observations  recently  made  by  Sir  John  Lub- 
bm:k,*  and  conducted  with  uU  the  care  that  could  be 
desired,  iu  regard  to  the  reputed  high  intelligence  of  these 
very  animals.  They,  or,  at  idl  events,  Bees  and  Ants,  have 
long  been  the  special  favourites  of  naturalists,  many  of 
whom  have  not  hesitated  to  put  the  most  liberal  construc- 
tions upon  the  acta  and  demeanourof  their  insect  friends. 
There  has  been,  unquislionably,  a  tendency  to  look  at 
these  acts  from  a  much  too  exclusively  human  point  of 
view. 

This  bciug  so,  it  was  all  the  more  necessary  that  some 


•  *•  Juiirn,  of  Linn  Soc  (ZooL)/*  vols,  xii,  xiii,  and  xir. 
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fikilled  observer  should,  as  Sir  John  Lubbock  has  dozM 
make  uew  aud  special  obsenations  on  the  subject. 

A  few  illustrations  will  enable  the  reader  to  forra  hi 
own  judgment,  as  to  the  extent  of  the  power  possessed  hy 
the  Social  Insects  of  adapting  themselTCS  to  nnfaniiliar 
conditions. 

The  first  instance  shows  forcibly  the  comparative  ina- 
bility of  Bees  \o  accommodate  thomselvcs  to  changes  in 
their  environment,  and,  incidentally,  their  lack  of  an: 
real  loyalty  or  'sympathy'  for  their  queon  when   she 
away  from  her  customary  surroundings. 


tn 

I 


Wishing  to  exchange  Iub  qncen  Bee  for  one  of  another  brt^d, 
she  wtts  placed.  8ir  John  Lubbock  gays,  "  willi  some  workers  Ut  m 
box  containing  Bomo  comb."  UmliT  those  new  and  unaccastonied 
conditions  the  workers  took  no  notice  of  their  qaeen,  so  that  threa 
days  ufterwarda  ehe  wub  found  "  weak,  helpless,  and  miaerahle.*' 
The  next  day  aorae  bees  were  coraing  to  a  store  of  honey  at 
observer'a  window,  and  he  placed  the  helpless  qncen  close  to  th< 
"In  alijfhting,  several  of  thorn  even  tonched  her;  yet  not 
her  Bul^jccts  took  the  slighteat  notice  of  her.  The  fams 
tchea  ojtarwards  placed  in  a  hive,  immediately  allracUd  a  numl 
of  ht^car 

Another  expcnment  also  tends  to  confinn  the  machii 
like  or  undeviating  regularity  of  the  intelligence  of  P 
by  showing  their  difficulty  in  recognizing  food  whon  it 
pliircd  under  conditions  slightly  differei  t  from  those 
which  thoy  arc  aceustonied. 

iW  of  these  inseeta  were  noticed  to  be  very  busy  with  aome 
l&il  Sir  Juhn  Ltibhock  euyn :  ^  I  put  n  Mincer  with  some 

iw.i  l,Mr.,l.,.fl   of  (lowers;    theso  were  repeatedly 

!  there  wna  biirdty  roonkfor  the  sancer 

'  to  3,;i0   Dot  a  (tingle  lnw  took  any 

■It  I   pat  some  honey  on  one  of  Ibc 

■:ig*rly  Buckod  by  the  be«»;  two 

t  five  in  the  evening/* 
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Again,  not  to  be  able  to  supplemcut  oue  mode  of  sen- 
sorial guidance  by  another,  as  in  the  following  simple  case, 
recorded  by  the  same  able  obgcrver.  revcola  what  seems  to 
be  ft  strange  lack  of  adaptive  Jntelli^'ence  oa  the  part  of 
the  Bee. 

•*  At  10.15  I  put  a  l»ec  into  a  bell-gloes,  18  inclies  long,  and  wilK 
«  month  G\  inchcB  wiJe,  turning  the  closed  end  to  the  window;  she 
linj:/,*_*d  aV)OQt  till  11.15,  when,  aa  there  seemed  no  chance  of  her 
getting  out,  I  put  her  back  into  the  hive.  Two  flies,  on  the  con- 
trary, which  I  put  in  with  her,  got  out  at  once.  At  H.30  I  put 
another  bee  and  a  %  into  the  eame  glass;  tbo  latter  flcvr  out  at 
once.  For  half  an  hour  the  bee  tried  to  gut  out  at  the  cloned  end  ; 
I  then  turned  the  glass  with  the  open  end  to  the  light,  when  ehe 
How  out  at  once.  To  make  Htire,  1  repeated  the  experiment  once 
moro,  with  the  same  result.'* 

"  Both  bees  and  wasps,"  Sir  John  Lubbock  thinks, 
"  find  their  way  about  by  a  '  sense  of  Direcliuu '  rather  than 
that  of  Sight,  though  the  wasp  does  not  so  helplessly 
ignore  the  latter  source  of  knowledge  as  the  hue  seems  to 
do."  The  Ant,  on  the  contrary,  appears  to  have  scarcely 
any  '  sense  of  Direction.*  It  seems  to  guide  itself  almost 
nliolly  by  its  sense  of  Smell,  and,  when  baftled  on  such  a 
track,  wanders  about  vaiuly,  making  littlo  or  no  use  of  its 
sense  of  Sight.     This  has  been  most  clearly  shown.* 

Ants  often  take  little,  or,  mostly,  no  notice  of  friends  iu 
distress,  or  of  dead  ants  lying  in  their  path,  yet  if  one 
or  two  are  crashed  to  death,  in  some  portion  of  a  fre- 
[uented  track,  all  those  arriving  just  afterwards  at  the 
>t  appear  to  become  frightened  and  bewildered.  They 
ran  hither  and  thither  iu  an  excited  mnnuer,  and  soon 
•ither  wander  away  or  return.  This  is,  perhaps,  due  in  the 
main  to  a  very  strong  odour  cuaanatiug  from  the  cruHhed 
Ants,  rather  than  to  any  violent  emotion  produced  by  the 

•  **  Jonro.  of  Linn.  Soc,"  vol  xiii.  pp.  239-21-1, 
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Bight  of  dead  comrudes,  whom  they  gonerally  disrngard. 
This  notion  is  bonie  out  by  the  fact  tlmt  tlioy  U'hnve  ia' 
oliuost  tlie  somo  way  if  the  tip  of  the  lixiger  is  drawn  across 
their  line  of  route  on  n  wall ;  or  if  a  mark  is  made  with  a 
Btick  or  a  stone  across  tlieir  route  when  they  are  travelling 
on  the  ground.  These  Insects  appear,  indeed,  to  become 
excited  and  bewildered  in  the  face  of  any  unusual  impres- 
sions coming  through  their  dominating  sense-organs,  an^ 
this  to  a  degree  proportionate  to  the  strength  and  noTeltj 
of  such  impressions.* 

The  common  Ants  of  this  country  will  not,  even  under 
strong  temptation,  drop  or  jump  downwards  from  some 
slight  elevation.      Sir  John  Lubbock    frequently   made 
experiments    of  this   kind.      He    introduced   some   ants 
{Ltmitts  n'ujer)  to  a   store  of   larvie,  and  after   they  had. 
been  engaged  for  some  time  in  removing  them,  he  eleratei 
one  portion  of  the  bridge  over  which  they  were  compeUi 
to  pass  in  goiug  back  to  tho  larvm,  so  that  this  elevates 
end  of  the  bridge  was  three-tenths  of  an  inch  above  the 
remaining  portion.     The  result,  frequently  repeated,  wasj 
that,  after  a  while,  and  much   coursing  backwards  and 
forwards,  they  all  **  went  away,  losing  their  prize,  in  spite 
of  moat  earnest  efforts,  because  it  did  not  occur  to  them  to 
drop  7*5  of  an  inch."f    The  same  observer  adds : — "  At  the 
moment  when  the  separation  was  made  there  were  fifteetti 
ants  on  the  larvre.     These  could,  of  course,  have  returned] 
if  one  hud  stood  still  and  allowed  the  others  to  get  on  il 
back.      This,  however^  did  not  occur  to  them."      Thej 
wandered  about  for  a  long  time  in    the  most  aimlesa 
manner. 

This  apparent  lack  of  ingenuity  and  reluctance  to  drop 
from  small  heights,  as  shown  by  our  English  ants,  is  yery 

*  "  Nature,"  vol.  vil  p.  44.T ;  vol.  viii.  pp.  244.  303. 
f  "  Jonrn  of  Linn.  Sor.**  ^ZooU),  vol.  xiii.  p,  il?. 


CuAf.  XV.] 


IMAGINATION    AND    VOLITION. 


241 


I 


remarkablei  but  certuinly  not  common  to  such  creatines 
generally.  This  is  ftliown  by  facts  communicated  to  Kirliy* 
by  Colonel  Sykea,  from  bis  own  obsen'ation,  concerning 
certain  *'  large  black  ants  "  cominon  in  India. 

"When  rusiJt-nt  at  Poona,"  he  aays: — ''the  dossert,  consisting 
of  fruits,  caVea,  and  various  preserves,  altvaya  remained  npon  a 
small  side  table,  in  a  verandah  of  the  dining-room.  To  gnnrd 
Bgainut  inroud:*,  the  legs  of  the  bible  were  immersed  iu  foar  basins 
tilled  with  water;  it  was  removed  au  inch  from  the  wall,  and,  to 
keep  o!f  diiBt  from  open  windows,  was  covered  with  a  tablecloth. 
At  first  the  ants  did  not  attempt  to  cross  the  water,  but  as  the 
strait  was  very  nurruw,  front  ati  inch  to  an  inch  and  a  half,  and 
the  sweets  very  tempting',  they  appear,  at  lenifth,  to  have  braved 
all  risks,  to  have  committed  theriitjelres  to  the  deep,  to  have 
scrambled  across  the  clianntd,  and  to  have  ri'ached  the  objects 
of  their  deiiirea,  for  hundreds  were  found  every  morning  revelling 
in  enjoyment:  daily  vengeance  was  executed  ujfon  them  with- 
out U'ssening  their  numbers;  at  last  the  legs  of  the  table  were 
puintt'd,  juat  above  the  vvater,  with  a  circle  of  turpentine.  This  at 
lirst  seemed  to  prove  an  effectual  barrier,  and  for  some  days  the 
sweets  were  unmolested,  after  which  they  were  a^niin  attacked  by 
these  resolute  plnnderers;  but  how  they  gut  at  them  seemetl  totally 
nnaccouutable,  till  Colonel  S^kes,  who  often  passed  the  table,  was 
surprised  to  nee  an  nnt  drop  from  the  wall,  about  a  foot  above  the 
table,  upon  the  cluth  that  covered  it;  another  and  another  suo- 
ovedcd.  So  that  though  the  tarpeotine  and  the  distance  from  the 
wbH  appeared  effectual  barriers,  still  the  resourcL's  of  the  animal, 
when  determined  to  carry  its  point,  were  not  exhausted,  and  by 
ascending  the  wall  to  a  certain  height,  wttb  a  slight  effort  against 
it,  in  falling  it  managed  to  land  in  safety  upon  the  table." 

These  seem  to  have  beun  acts  prompted  by  'reason,'  but 
tliey  were  probably  guided  by  a  fur  better  sense  of  Si(^ht 
than  is  possessed  by  our  English  ants,  wbicb,  as  Sir  John 
Lubbock  has  shown,  rtly  very  little  upon  this  sense  for 
guidance.  It  is  only  fair  to  point  out,  therefore,  that  the 
seeming  lack  of  intelligence  betrayed  by  our  English  ants, 

•  "  Habits  and  Instincts/*  vol.  iL  p.  251. 
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from  tbeir  dismclination  to  take  a  small  leap,  may  be  dae 
simply  to  tLeir  defective  sight.  A  sense  of  Smell,  bow- 
ever  keen,  would  scarcely  afford  sufficient  guidance  to 
tempt  an  animal  to  jump,  and  tbe  very  small  laterally- 
placed  eyes  of  the  English  ants  would  probably  not  be  very 
serviceable  in  tbe  accomplishment  of  such  an  act. 

Bees  have  been  commonly  reputed  to  show  signs  of 
C!ompas8ion  for  their  fellows  when  injury  or  misfortune 
overtakes  them.  In  regard  to  this,  Sir  John  Lubbock 
Bays  * : — 

"  It  is,  DO  doabfc,  tme  that  wben  they  have  got  any  honej  on 
them,  they  are  always  licked  cloaii  by  the  others ;  but  I  am  Batisfied 
that  tbia  is  for  the  suke  of  the  honey  rather  than  of  the  bee.  On 
the  27th  of  Septemher,  for  iustance,  I  tried  with  two  bees:  one  had 
been  drowned,  the  other  was  smeared  with  honey.  The  latter  wa« 
poou  lU'ked  clean,  of  the  foraier  they  took  no  notice  whatever.  I 
have,  moreover,  repeatedly  placed  dead  bees  by  honey  on  which  Uve 
ones  were  feeding,  but  the  latter  never  took  the  slightest  notice  of 
the  corpses."  Further  experiments  confirmed  this  opinion,  as  in  bis 
second  paper  (loa  cit^  vol.  xii.  p.  231)  Sir  John  Lubbock  says :  **  far 
indeed  from  having  been  able  to  discover  any  evidence  of  affection 
amongst  them,  they  appear  to  be  thoroughly  callous  and  utterly 
indifferent  to  one  another.** 

No  evidence  was  forthcoming  to  show  that  the  behaviour 
of  English  Ants  to  wounded  comrades  was  very  different 
(loc.  cit.,  p.  492),  tliough  it  is  true  that  those  which  were 
marked  and  then  returned  to  their  nests,  usually  Lad  the 
paint  cleaned  off  by  their  fellows. -f-  Rut  Mr.  Belt,  in  bis 
*'  Naturalist  in  Nicaragua,'*  cites  some  very  remarkable 
instances  of  sympathetic  helpfulness,  winch  were  displayed 
by  'foraging  Ants'  towards  unfortunate  comrades.  He 
Bays  :— 

**  One  day  when  watching  a  smalt  cotomn  of  theae  aota  {Sciiam 
*  Loc  cit.,  vol.  xii.  p.  12^.       f  X'OC.  cit,  vol.  xiiL  p.  290. 
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hamata)  I  placed  a  liUle  stone  on  one  of  them  to  secure  it.  The 
next  tliat  approached,  na  soon  as  it  discovered  its  nitnaiion,  ran 
backwards  in  an  agitated  maaner,  and  soon  communicuted  the  in- 
telligence to  the  others.  They  rushed  to  the  rescue :  some  hit  nt 
the  stone  and  tried  to  move  it;  others  seizetl  the  prisoner  by  the 
legs,  and  tugged  with  such  force  that  I  thought  the  legs  would  bo 
pulled  off— but  they  persevered  till  they  got  the  captive  free.  I 
next  covered  one  up  with  a  piece  of  clay,  leaving  only  the  ends  of 
the  antennEQ  projecting.  It  was  soon  discovered  by  its  fellows, 
wliich  set  to  work  immediately,  and  by  biting  off  pieces  of  the  clay, 
soon  liberated  it" 

It  is  posHible,  however,  that  such  acts  as  are  above 
pocorded  may  have  been  very  commonly  performed  by 
•  foraging  Aiita  *  on  behalf  of  distressed  comrades,  though 
they  are  not  habitual  with  Ants  of  other  species.  It  is 
not  at  all  necessary  to  bolicive  that  any  definite  communi- 
cations had,  as  Mr.  Belt  Buggosts,  been  made  to  the  Ants 
which  came  out  to  help.  They  may  have  dmply  followed 
their  excited  companion.  Evidence  in  regard  to  this  latter 
point,  80  far  as  onlinary  Ants  are  concerned,  will  presently 
be  cited. 

Again,  the  Social  Insects  have  been  said  to  show  si^ns 
of  Joy,  by  mntaal  caresses,  when  old  comrades  meet  after 
weeks  or  months  of  separation.  But  careful  test  experi- 
ments gave  Sii'John  Lubbock  no  evidence  of  this  behaviour, 
either  with  Bees,  Wasps,  or  Ants,  It  has  been  often  said 
that  the  members  of  one  hive  always  recognize  one  another, 
and  that  strangers  aie  driven  out.  This  seemed  to  be  true 
only  in  part.  He  found  that  Bees  knew  and  almost  habi- 
tually returned  to  their  own  hive.  Occasionally,  however, 
they  entered  a  strange  hive,  and  this  without  fear  or 
molestation.  Ants  seem  to  remember  each  other  much 
better  than  Bees.  Sir  John  Labbock  found*  tliat  strange 
Ants  were  not  permitted  to  remain  in  a  nest ;  they  were, 

♦  J-oc  cit.,  vul.  xiii.  pp.  221-237. 
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in  almost  all  cnses,  persistently  attacked  and  ultiroately 
killed — one  species,  however  {Lasimjlnrus),  presented  an 
exceptiou  to  this  rule.  Pronous  comrades,  aftw  a  separa- 
tion of  six  mouths  or  more,  aro  not  received  with  any 
signs  of  cordiality,  though,  at  the  same  time,  their  pre- 
sence is  not  as  a  rule  objected  to,  and  they  soon  appear 
quite  at  home  again.  This  apparent  memory  of  indi- 
viduals pertninii^g  to  the  same  nest  for  one  another  may, 
perhaps,  after  all,  be  rather  dependent  npon  some  subtlo 
diacriminntioa  by  the  sense  of  Smell.  An  Ant  of  a  strange 
colony,  though  belonging  to  the  same  species,  may  present 
some  sensorial  altribute  leading  to  its  reeognitiou  as  an 
intrntlcr;  uhilst  a  member  of  the  same  colony,  even  after 
lone;  absence,  presenting  no  unusual  characters,  is  cot  so 
much  remembered  as  passed  by  in  a  heedless  manner. 

What,  moreover,  are  wo  to  infer  as  to  the  memory  or 
ability  to  be  tangbt  by  their  own  individual  experience  on 
the  part  of  Wasps,  in  the  face  of  the  following  (acts  nar- 
rated by  Sir  John  Lubboek  ?• 

A  Wasp  which  had  been  murlked  for  identifi cation,  iroeared  her 
wingN  with  syrup,  so  that  she  could  not  ily.aiid  a«the<^xperiineDlcr 
dill  not  know  where  her  neat  was,  he  could  not  submit  her  to  the 
h«foro  mentioned  cleansing  operations  of  ber  companionR.  Ha 
thought  tfhu  was  doomed,  but,  aa  a  hiet  resoaroe,  resolved  to  wash 
}ii'r  him&df,  fully  exiiuctint;  '*  to  terrify  her  so  much,  that  shi:  would 
Dot  return  ngain."  lie.  tht-rcforc,  '*  caught  her,  put  her  in  a  bottle 
hulf  full  of  wutor,  and  bhook  her  up  well  till  the  honey  was  waidied 
off/*  She  WEH  then  transferred  to  a  dry  bottle,  and  put  in  the  iqa* 
AVhen  the  was  dry.  Sir  John  Lubbock  says,  **!  let  her  out,  Bad 
she  instantly  6ew  to  herne^t.  To  my  Hurpriae,  in  thirteen  niinntes 
tihe  returned  us  if  nothing  hud  hap[H'Ut'd,  aud  continued  her  vlsita 

to  the  honey  all  Ihe  Bitemoon This  experiment  interested 

me  so  much,  thut  I  roi>eatcd  it  with  another  marked  wanp,  thi« 
time,  however,  keeping  the  wasp  in  the  water  till  she  wa§  qnit« 
motionless  and  insensible.     When  taken  out  of  the^atcr  sbe  ioob 

•  "  Joiim.  of  Linn.  Soc,"  vol.  xii.  p.  X38. 
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recovered;  1  fed  her;  eho  went  quictlj  away  to  her  nest  as  usual, 
ard  returned  after  t)ie  usual  aliseiioe.  The  ncxtiuoruing  tUU  vva^p 
was  the  tirat  tu  viisit  the  buney." 

Aft^ir  wbftt  baa  been  already  stated,  the  reader  will  not 
be  surprised  tolearu  tbattbe  careful  enquiries  of  Sir  Jobn 
Lubboek  ^ivc  no  support  'wlmtever  to  tbc  supposition  that 
tbe  Social  Insects  bave  a  kind  of  language  of  tboir  own. 
He  found  no  evidence  of  their  possessing  a  power  of  com- 
municatinj:;  with  one  another  by  means  of  their  aniennie, 
or  otherwise,  so  as  to  enable  theui  *'  to  narrate  facts  or 
describe  localities."  His  enquiries  were  carefully  directed 
and.  often  repeated,  with  the  "view  of  throwing  decisive 
light  upon  this  question  ;  and,  in  opposition  to  the  state- 
ments of  liiibor  and  Dnjardin,  they  seem,  as  he  says,  ''to 
show  that  wasps  and  bees  do  not  convey  to  one  another 
information  as  to  food  which  thoy  may  have  discovered.** 
He  adds : — *'  No  doubt  wlien  one  wasp  hiis  discoveroil  and 
is  visiting  a  supply  of  sjrup,  others  are  apt  to  come  too, 
bat  I  believe  that  they  merely  follow  one  anotlior.  If  they 
communicated  the  fact  considerable  numbers  would  at  once 
make  their  appearance  ;  but  I  have  never  found  this  to  be 
the  case."  The  experiments  and  observations  made  by 
this  skilful  investigator  with  Anta,  with  the  view  of  throw- 
ing light  upon  this  same  question,  have  been  even  more 
exhaustive  and  carefully  plaunod,  and  have  led  him  to  the 
following  conclusion*  : — '*  When  nn  Ant  has  discovered  a 
Btore  of  food  and  others  gradually  flork  to  it,  they  are 
guided,  in  some  cases  by  sight,  while  in  others  they 
track  one  another  by  scent." 

Bees  and  Wasps  again  have  been  imagined  by  some  to 
be  in  tbe  habit  of  making  known  their  Kmotions  to  one 
another  by  means  of  sounds,  which  would  of  course  imply 
that  they  possess  a  sense  of  Hearing.  As  previously 
*  Loo.  cit,  vol.  xit.  p.  495. 
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Btated  (p.  "205),  however,  tlie  same  observer  foand  that 
neither  Bees,  Wasps,  uor  Ants,  seemed  to  tnko  the  least 
notice  of  the  most  vaned  sounds  produced  in  their  vicinitj^ 

These  inveBtigations  of  Sir  John  Lahbock  are  the 
that  have  ever  been  made  to  really  tost,  by  mcaiis 
carefully  devised  experiments,  the  adaptive  intelligence 
the  Social  Insects,  whose  Instinctive  Acts  are  so  compli- 
cated and  marvellous,  and  as  far  as  they  have  yet  goi 
they  suffice  to  show  us  the  very  scanty  grounds  that  e: 
for  crediting  them  ^vith  anything  like  Season.  His  ex- 
periments have  revealed,  in  the  great  majority  of  cases. 
a  very  surprising  lack  of  Reason,  when  even  the  slightest 
departure  from  their  customary  actions  was  alone  need- 
ful, in  order  that  these  Insects — the  most  intelligout 
tlieir  class^might  adapt  themselves  to  certain  purposeb 
altered  conditions  in  their  environment 


(8.)  The  next  corollary  is  the  ijonverse  of  that  which 
has  just  been  illustrated.  It  is  this, — The  higher  the 
development  of  the  Brain  in  those  organisms  which  perform 
any  of  the  more  complex  Instinctive  Actions,  the  more 
frequently  will  acts  of  *  Kfusou '  appear  to  intervene 
their  accidental  relations  with  unfamiliar  phenomena  oa 
aide  the  range  of  thuir  ordinary  instinctive  experiences 

Next  to  those  of  Insects,  the  instincts  of  Birds  are, 
perhaps,  the  most  remarkable,  and  as  the  Brain  and 
Nervous  System  generally  is  so  much  more  highly  deve- 
loped in  Bii'ds  than  it  is  iu  Insects,  we  ought,  iu  ac-cordanoe 
with  the  corollary  above  mentioned,  to  find  in  tlie  former 
a  much  greater  liberty  and  choice  of  action,  together  with 
a  more  decided  and  more  frequent  exercise  of  the  lower 
modes  of  Beasou,  Emution,  Imagination,  and  Yoliti 
than  is  to  be  met  with  among  the  latter.* 

*  It  ii  nut  meant  fur  the  reud«r  to  infer  that  the  distinct  manifcvU- 
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It  will  not,  we  tliiuk,  be  difliciilt  to  iiud  evidence  of  the 
existence  among  Birds  of  au  altogether  richer  and  more 
yaried  series  of  life  phenomena.  Some  few  illustrationB 
will  now  be  cited. 

An  interesting  story  from  the  pou  of  the  Scottish  natu- 
ralist, Thomas  Edwards,  so  much  of  whose  life  has  been 
devoted  to  the  study  of  the  habits  of  tho  lower  animals, 
may  first  be  quoted.  It  refers  to  a  lillltj  bird  called  the 
'  TuiTistone,*  which  feeds  on  the  small  Sandhoppers  of 
the  scR-shore.  The  acts  cited  seem  to  testify  to  the  exist- 
ence of  a  distinct  imagination  of  an  end  desired,  and  also 


tion  of  these  meiitul  stutes  is  not  met  with  till  wo  come  to  atiimala 
of  thU  degree  of  organixatinn.  The  signs  of  Kmotiou,  for  instance, 
are  moat  typical  in  ccrtuiu  Keptiles.  R  M.  Middleton  says  ("Na- 
tore,"  October  Slst,  1878,  p.  6'JO): — "During  the  past  summer  I 
have  kept  live  Chumclcons  in  captivity,  and  have  repcat*'dly  ohsorved 
their  terror  and  rage  when  confronted  with  snakes.  When  a  large 
Algeriim  chameleon,  now  in  my  poBBcaHion,  pcrccinis  a  common 
snake  writ?gUng  in  its  vicinity,  he  at  once  inH.ites  hia  body  and 
pouch,  sways  himself  backwards  and  forwards  with  considerable 
energy,  or  walks  rapidly  away  with  his  body  leaning  over  iu  the 
direction  farthest  from  the  snake,  opening  hia  hngo  onrcraons 
month,  and  hi»atng,  and  eren  snapping  at  what  he  uvidently 
regards  as  hia  natural  enemy.  At  the  same  time  htsbody  assumes 
an  almost  iustantancous  change  of  colour,  and  is  quickly  covered 
with  a  larj^e  number  of  smalt  brown  Rpotfl.  It  ia  cniious  that  eren. 
similar  symptomi]  of  fenr  and  nn^cr  are  displayed  when  a  lizard 
or  even  a  tree-frog  ta  exhibit&l  to  him.  The  cliniaic  of  grotesqne 
nervfrtisness  was,  however,  reached  one  day  when  the  sight  of  a 
child's  doll  protluced  the  like  effect;  in  this  case  it  is  probable  that 
the  glass  eyes  of  the  doll,  giving  to  it  the  appearance  of  Ufe,  were 
what  caused  this  terror  in  the  reptile.**  The  writt.'r  has  also  lately 
noticed  these  signs  of  anger  or  terror  in  the  chameleon.  The 
swaying  of  the  Ixnly  backwards  and  forwards,  together  with  the 
wiilu  opening  of  its  enormous  mouth,  were  constant  features,  and 
when  Ihe  animal  was  taken  up  at  this  time,  a  pecaliar  thrill-like 
vibration  of  the  body  could  be  distinctly  felt. 


^TjirJJcnooking  object.     iStuopinff  down  with  nty 
biiok,  prt'iHired  i'or  action,  1  maniiKed  to  crawl  thrc 
and  ucruHi)  the  shingle  for  a  coneitlemble  wtiy,  vrh 
cume  iu  sight  of  the  two  little  workers,  who  were  bu 
injf  to  turn  over  a  dead  fish  which  was  fully  six  tim« 
tnimedialdy  recoi^nizfd  them  hb  turiistone^.     Not 
turb  thirrn,  anxious  at  the  aanietime  to  witnets  thrir 
observing;  that  a  lew  |jaoea  DL>arer  thetn  thertt  tvatt 
lung  the  shingle,  I  contrived  to  creep  into  it  unobs 
»w  distant  from  tbcm  but  about  tea  yards,  and  hud 
tinobsi'rvcJ  view  of  all  their  movements.  .  .  H  iviti^;  tyo 
duwu  ia  my  pebbly  observatory,  I  turned   my  nitdivi 
to  the  birJs  byforu  mo.     They  were  boldly  pushing  at 
thrir  billd  and  then  with  their  breasts;  their  endeavi 
were  in  vuiu — the  object  remained  immovable.     On  f 
went  round  to  the  opposite  side,  and  began  to  scraps  i 
from   cMse    beneath    the   Hah,       After    removing  H 
quanlity,  thoy  again  ciimo  bitck  to  the  9i>ot  whiuh  i 
aud  went  once  more  to  work  with  their  bills  and  brU 
as  little  apparent  success  as  formerly.     Nothing  daal 
they  ruu  round  a  second  time  to  the  other  side.  un<I 
their  trenchin^^  operations,  with  a  seeming  determi 
\Hi  buttled  in  their  object,  whioh  evidently  wiu«  to  « 
dead  animal  l>efnre  them,  in  onler  that  it  might  be  t1 
overturned.     While  liiey  were  thus  emplcye<l.  and  I 
lubourud  in  this  nmnnei*.  ut  both  sides  alternately,  foi 
an  hour,  they  were  joined  by  another  ot   their  cwn  i 
came  flying  with  rapidity  from  the  neighboaring  rock 


arrivid  was  hailed  with  evident  signs  of  jov 
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poeitions,  which  were  a  little  apart  the  one  (ixnn  ,tlie  otlier,  Uiey 
re«olved,  it  appears,  to  R:ive  the  mfttter  anotlicr  trial.  Lowering 
themselvea  ii|x)d  their  breasts  close  to  the  sand,  they  managej  to 
pnsh  their  bills  underneath  the  fiub.  which  they  mude  to  rise  to 
about  the  aame  heii^ht  aa  before;  afterwards,  withdrawing  their 
billa,  but  without  losing  the  advantage  they  bad  gained,  they 
applied  their  brcants  to  the  object.  This  they  did  with  Buch  force, 
aud  to  such  pur{>tJBC.  that  at  length  it  went  over  and  rolled  several 
yards  down  a  slight  declivity.  It  was  followed  to  some  distance 
by  the  birda  themselves  before  they  could  recovei  their  Laaring. 
They  returned  cagiirly  to  the  Rpot  whence  they  hiid  ditlodged  the 
obstacle  which  had  so  long  opposed  them,  and  they  gave  unmis- 
takable proof,  by  thetr  rapid  and  continued  morcmentH,  that  they 
were  enjoying  an  ample  repast  aa  the  reward  of  tbcii  iuduatrioua 
aud  praisevvorlhy  labour.*' 

Again,  a  writer  in  "  Nature  "  •  describes  an  incident 
witnessed  by  himself  outBitle  on  Inn  near  Richmond, 
where  eoiue  '  Pouter  '  pigeons  were  feeding.  The  actions 
of  one  of  them  were  of  a  very  unusual  character,  and 
had  in  all  probability  been  learned  by  the  individual 
bird  itself.  It  would  soom,  moreover,  thut  they  ninst 
hare  been  undertaken  with  a  pretty  diutincl  notion  of  the 
end  to  be  obtained.     The  writer  says  : — 

"A  number  of  them  wore  feeding  on  a  few  oata  that  had  hccn 
acoidentally  let  fall  while  tixing  tlie  nose-bag  on  a  horse  standing 
ttt  buit.  Having  finished  all  the  grata  at  baud,  a  large  *  Pouter* 
rose,  and,  flapping  its  wings  furiouslvr  flew  directly  at  the  horse's 
eyes,  causing  that  animal  to  toss  his  head,  and  in  doing  so,  of 
course,  shake  out  more  corn.  I  saw  this  several  times  n:peated ; 
iu  fact,  whenever  the  supply  on  hand  had  been  exhausted."  The 
writer  may  well  ask  whether  this  was  not  "something  more  than 
_mero  instinct." 

The  maternal  affection  of  the  Bird  for  its  young  is  well 
Ituowu;  but  no  less  remarkable  is  tbe  Iteason  which  they 
sometimes  display  under  the  promptings  of  this  Emotion. 
A  few  examples  will  illuHlrute  this. 

•Aug.  21»  1873,  p.  325. 


nut  a  not  sunny  season  coining  on  before  tlie  brood  \ 
the  reflection  of  the  wall  became  insopportiible^  and 
have  destroyed  the  tender  young,  had  net  aflertioi 
expedient,  and  prompted  the  parent  birds  to  hovei 
all  theliottorhours,  while,  with  wingn  expanded,  and 
for  breath,  they  screened  off  tho  heat  from  tbeii 
apring." 

Another  reninrkable  iimtnnco  is  also  oited  by  the 
above  work."  Uesays: — "  During  a  wet  day,  a  I 
neat  became  saturated,  and  ft-ll  to  the  (^^round.  It 
unfledged  young  ones.  A  lady  who  saw  the  occideo 
brood,  placed  the  lining  of  the  nest  in  a  small  boake 
aide]  the  window  of  her  dressing  room.  She  sood  hi 
of  seeing  the  old  birds  come  and  feed  their  offflpring. 
was  so  weak,  that  it  did  not  receive  the  same  qoau 
the  others,  and.  consoqaently.  when  they  were  able 
nest,  this  helpless  one  remained,  only  half  fledged, 
from  cold,  when  it  had  the  whole  nest  to  itself.  Thi 
time  a  bitter  north-east  wind,  which  penetrated  throi 
ingH  in  the  basket  work,  and  which,  of  eonrse,  added 
of  the  \)OOT  bird.  All  ai  once  the  old  onffs  wei'e  $een 
clay  in  thftir  tnouthft,  and  in  a  short  time  thetj  6d 
atffiinvt  the  ha$ket,  which  effectually  aereencd  the  yo 
the  cold  wind.    It  wa^  reared  and  took  its  flight." 

These  socui  to  bo  utiquostionably  rcasone 
formed  with  a  distinct  *  imagination  '  of  the  6 
they  wore  to  subserve,  and  this,  too,  in  the  face 
uufumiliar    conditions.       We    bnvA.    th<>retfl 
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•"Several  interestinij  facts  have  been  comroanicatcd  to  me  of  tbe 
rereogefiil  dispositinn  of  martins,  vrhcn  their  nests  have  been 
invaded  by  spurrows.  In  one  iimtance,  at  nam])tr>n  Court,  a 
gentleman  informeti  me  the  morning  it  took  pluoe.  that  a  couple 
of  sparrows  had  bntcbed  their  young  in  a  martin's  nest.  Two  or 
three  days  atlerwards,  a  number  of  martins  came,  pecked  the  nesb 
to  pieces,  and  he  saw  tbe  outledged  young  dead  ou  tbe  ground 
beneath  the  window.  In  another  instance,  the  foreman  of  the 
carpenbcrs  at  the  palace,  Hampton  Court,  informeil  me,  that  while 
workinpT  at  Wa  bench  close  to  the  window,  a  pair  of  swullowa  built 
tbeir  nest  in  a  corner  of  it,  and  where  he  frequently  watched  it 
When  completed  some  sparrows  took  possession  of  it,  and 
deposited  their  eggs.  While  the  hen  was  bitting  on  them,  several 
martins  came  and  closed  np  the  hole.  Alter  a  few  weeks  he  ex- 
amincd  the  nest,  and  found  the  bird  dead  on  her  eggs.'* 

Again,  according  to  Swainson,  "Many  of  the  parrot  family  are 
well  known  to  evince  a  strong  and  lasting  afiection  towards  each 
other ;"  and  he  odds : — **  Bonnet  mentions  the  mutual  affection  of  a 
pair  of  tbose  called  love-birds,  who  were  conBncd  in  tbe  same  cage. 
At  last,  the  female  falling  sick,  her  companion  evinced  the  strongest 
marks  of  attachment;  he  carried  all  the  food  from  the  bottom  of 
the  catre,  and  fed  her  on  her  perch;  and  when  she  expired,   her 

nbappy  mate  went  ronnd  und  round  her,  in  the  greatest 
tatiou.  attempting  to  open  bcr  bill,  and  give  ber  nourishment. 
He  then  gradnally  languished;  and  survived  her  death  only  a  few 
month  a" 


Bui  tbe  actions  of  Birds  in  defence  of  tbeir  young  are 
perhaps  tbe  most  remarkuble,  and  associated  with  tbe 
cjreatest  strength  of  Emotion — *'  self  seems  no  longer  to  bo 
considered,  danger  no  more  dreaded.'*  As  Swainson  says : — 
*'  The  most  feeble  birds,  at  the  season  of  incubation, 
assault  the  strong  and  fierce ;  the  weakest  will  assail  the 
most  powerful.  It  is  a  -well-known  fact  tbat  a  pair  of 
ravens,  which  dwelt  in  a  cavity  of  the  rock  of  Gibraltar, 
would  never  suffer  a  vulture  or  eagle  to  approach  their  nest, 
bnt  would  drive  them  away  with  every  appearance  of  fury,** 
And  "  the  artifices  employed  by  the  partridge,  the  lapwing, 
tbe  ring  plover,  tbe  peewit,  and  namerons  other  land  birds, 


^ie  !:>ensoriai  impressions  capable  of  bein 
from  one  another  (the  wider  the  range,  tha 
maFs  Cognitive  Powers),  the  more  occas 
tnnitj  is  there  for  elementary  modes  of  ] 
Tene  between  ingoing  impressions  and  the  i 
■which  they  are  destined  ultimat^'ly  to  incite 
Bat  it  seems  clear  that,  with  the  sin^^ 
tlie   sense  of  Smell,  the  sensorial  cndowi 
are  to   be  regarded  as  far  more  developed] 
Insects.      Their  far-reaching  and  discrimi] 
their  acnte  powers  of  Hearing,  together  wit 
refined   *  scnso  of  Direction,'  must    of  ne| 
npon  Birds  a  power  of  increasing  enormoj^ 
and  complexity  of  their  relations  with  the  ^ 
To  these  advantages  they  add  those  whie] 
their  longer  individnal  lives,  and,  above  bS 
the  fact  that  these   superior  endowments  aj 
ties  of  improvement  operate  in  concert  with 
complex  Nervons  System  which  they  have  j 
a  long  but  indefinite  series  of  simpler  ancesti 
wonder,  then,  if  the  evidence  should  seem  1 
while  the  instincts  of  Birds  are  perhaps  1 
their  adaptive  intelligence  or  Reason,  and 
and   definitoness   of  their   Kniotitms.   fir^^ 
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Imagination,  and  Volition,  on  the  other  hand,  as  mere 
higher  developments  arising  out  of  previous  processes, 
have  their  seed-time  in  all  that  is  unfamiliar  among  the 
chance  Sensorial  Impressions  which  Animals,  whose  '  ex- 
perience *  is  growing  and  whose  Nervous  Systems  are 
developing,  are  accustomed  at  intervals  to  receive  from 
the  outer  world. 


12 


CHAPTER  XVI. 

TOE  BRAIN  or  QUAPBUPEPS  ANP  801IE  OTH 

A  GREAT  u<lvaDCG  IS  to  be  met  with  in  thi 
of  the  Bmiu  iu  paB&Liig  from  Birds  to  ^faTnii 
lower  to  higher  forms  of  the  latter.  Thei 
differences  in  external  conformaliim,  and  | 
differences  onlj  to  be  detected  by  dissei 
organ. 

Sztemal  Differences. — The/r»(  and  mi 
of  these  peculiarities  is  the  increasing 
Cerebral  Lobes  or  Hemispheres.  In  lowe 
these  parts  scarcely  extend  far  enough  bad 
Optic  Lobes,  whilst  in  higher  terms  of  the  tt 
only  hide  these  bodies  completely,  but  also 
llie  more  developed  Cerebellum.  The  C« 
spheres  in  Quadrupeds  also  tend  to  becot 
more  plainly  indented  by  certain  primoij  l 
*  fissures.'  bv  wbiflh  th^^v  are  divi«^-t1    inf/i  w1 
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BpheroA,  will  be  fount]  to  attain   tbeir  luaxinium  duyelop- 
inent  in  ^fan. 

The  third  external  pecu- 
liarity is  a  consequence  of 
the  second.  It  consists  in 
the  gradual  increase  of  the 
'pons  Varolii/  a  part  of 
the  brain  which  stretches 
across  the  inferior  surface 
of  the  Medulla  in  a  bridf^c- 
liko  fashion .  Hence  its 
name — coupled  with  that 
of  one  of  the  earlier  ana- 
toraists.  This  structure, 
which  was  formerly  believed 
to  be  merely  a  great  trans- 
Terse  comniissnro  uniting 
the  lateral  lobes  of  the  Cere- 
bellam  with  one  another, 
becomes  well  developed  in 
higher  Quadrupeds  and  in 
Cetacea,  though  it  is  repre- 
sented iu  Birds  only  by  a 
few  barely  perceptible  tibrcs. 
Its  true  nature  will  be  more 
correctly  de6ncd  in  the  do- 
scriptiouofthehunian  brain. 

Internal  Differences.  —    ^°  o8.-Bnan  ud  Hptrud  coh  of  Kan- 

ganjo  1  .VnrrnputK  (Owen.)  1.  Svottou  0 
Only  a  few  of  the  most  im-  ■"JplDal  CoM  in  idtunUan  from  whkb  NorvM 
•«».*.«*  ««  1  ,.1  ..;  ^«c>  r^f  lli^o^  to  anterior  <-xtronillto»(iro(fivt.ii  off;  2.  Scc- 
pOrUnt  and  obvious  Oi  these  „.>nthn>n«h»owordon«iI«ifion:,».8«U«n 

can  be  here  referred  to.         turmigh  lumiNirBwciiintfuf  otu.  EmcJioC 

.-    ,        ,pi  .  r\    ^*      these  •eiti.tna   sliuWH  tho  tli>ubl«  on-a  ol 

(1.)       Ibe       two        UptlC  '((rtry'ifimuIionicnwtlerwIUiin  tbo  Sjiiual 

Lobes    become     relatively  ''*"'^* 

smaller  in  higher  Quadi-upeds,  though  iu  all  of  them  they 
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are  moro  or  less  deeplj^  indented  in  the  transverse  direc- 
tion, by  a  depression  or  groove  which  thus  divides  them 
into  four  rounded  swellings,  answering  to  what,  in  hiphcr 
animals  and  in  Man,  are  known  as  the  *  Corpora  Qutidii- 
gemina,*  The  cavity  existing  within  them  in  lower  Verte- 
bmtcB  now  becomes  reduced  to  a  mere  passage  between 
iho  thiid  and  fourth  Ventricles. 

(2.)  A  great   transverse    commissure,   connecting    the 
Cerebral   Lobes    with  one   another,   appears    as  a   nidi- 


Fw.  flO— Bruin  of  tUa  none,  outer  mirfnce,  (Solly,  afttr LeUNt.)  <; 
loba :  h,  bU>pwiun[ul  lobe,  or  '  ficoccMtic  pyriUmni*.  1.  9,  S.  LobM  of  Um  0«*- 
beHum.  «.  Optto  n«rvo  ;  m,  motor  oocuM  ;  ;i,  fourth  nerre ;  I,  tflh  nerr*;  h.  alstSi 
nerve;  /,  CoeUl  nervo;    I,  auditory;  g,  tiliMao-iAaLryngtiiX ',   r*  v>cu»;  «,  tfioMi- 

acoMuuiry  .  h,  hjytuhmaul  iicrre.     x.  Tuut  Vunrlii 

tnentary  structure  in  lower  Quadrupeds  and  gradually 
increases  in  size  in  Inj^lior  rfprosenttitives  of  this  class. 
It  is  known  as  the  Corpus  Callosum.  This  commissure 
principally  connects  the  upper  parts  of  the  Cerebral 
Lobes,  and  soon  comes  to  form  tlio  roof  of  the  two  great 
Matcral  ventricles.* 

(8.)  A  double  commissure,  known  as  the  Fornix,  appei 
ftnd  gradually  becomes  moro  developed,  as  anol.her  boundaiy 
of  tbn  '  Idtoiul   ventricles.*      Long  erroneously  descnl 
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A3  a  flonble  loii^itndiiial  comniJRsnro,  its  luilves,  in  realitj 
(after  a  very  irre^j^ular  course,  tbc  direction  of  whicli  varies 
in  different  nnimala),  connect  in  ciu'h  (Jerehral  Lobe,  pails 
that  are  nlmost  situated  in  the  Fame  tranftverse  plane. 
TLe  nature  of  these  parts  and  the  other  relations  of  the 
Fornix  will  l»o  given  further  on  (p.  272),  and  also  in  tlje 
descnption  of  the  corresponding  stmcture  in  tbo  human 
brain.     Its  relations  are  of  a  complex  order,  so  that  its 

rio.  70.  f'icJ. 


Fro.  70.— Bnlii  «f  Affcutl.  (Owen.)  a,  UeduUa  ;  b,  fomtb  Tentriclo:  e,  median, 
<  latoTAl  Inbes  of  Cerebellum  ;  r,  CcroViral  HotDl«i^«n} ;  /,  olfftt-ttty  lobe*. 

ftii.  'l.—Bruia  of  BcAVcr.  (tjwon.)  Tbe  upr>cr  ports  ot  tbo  Cerebral  U<.>miit)ibercii 
tttlto  boon  rut  away  to  tbo  lovol  of  Uta  'cnr^iiiN  i-iiUnHtim,'  m>  om  to  i>h')w  tLiUi  great 
Uiuuvciwo  cummlMure.    v.  Pineal  body;  B,  ourpum  qiindrigomfiui ;  C.  cercbvlbiin. 

fuller  description  will  be  better  resened.  It  is  necessary, 
however,  here  to  state,  that  it  mostly  lies  beneath  the 
'  Corpus  Cttllosum,'  and  is  closely  connected  with  this  great 
transverse  commissure  posteriorly,  though  in  passing  for- 
wards the  two  structures  diverge  from  one  another. 

(4.)  In  the  space  left  between  the  Corpus  Callosum  above 


253 


THE   BRAIN    OP    QUADRCrEUS    AND 


(fig.  72,  c,  c)  aud  the  diverging  Fornix  below,  are  two  thin 
verLicnl  and  almost  parallel  septii.     These  septa  represei 
the  inner  walls  of  the  '  lateral  ventricles  '  and  constital 
parts,  therefore,  of  the  contij^uous  inner  faces  of  the  ti 
Cerebral   Lobes.     They,  together   with  the   great  tranf 
verse  commissure  above  aud  the  Fornix  below,  form 
boundaries  of  a  narrow  and  somewhat  triangular  cavitj 
known  as  the  ' fifth  veatricle.'     This  smaU  ventricle 


yta.  73.— Bniiii  <>f  }i<>rtm,  Uint{itii<l)n>\1  sectlrm  t1in<uffb  Un  cenhn*.  •bowloy  Intonul 
BUrboe  of  Cerebral  UcnilBphcro.  (9<illyj  aficr  Lciiret.)  r  r,  Corpiw  dUofcum.  bel«T«n 
It  and  Uio  Fnnitx  beluw  an-1  Ivhind,  i»  U\o  '  ftfth  vcntriclo.*  ;<,  ThnLunu*:  r«,  tha 
middle  or  soft  comniiMure  ;  f*/.  corv«n»  qiiodrinutoin*.  In  front  uf  wliieh  i»  thm 
rineal  body,  wttli  nno  ol  iU  '  pcdunclea  '  pAMing  (orwnrda  mIodc  lb«  unxr  border  of 
the  eorraapoiidlnK  TlinLitnUR,  and  KOiind  it  tUc  cut  aurfoCM  of  tb«  Dilddle  kibtt  ol 
Uie  Corebeitvim.    r,  Ulfactor;  lobe  ;  a.  olivary  body. 


quite  different  from,  and  also  quite  unconnected  with,  t 
otbor  four  brain  canities,  which  are  all  of  them  continuons 
with  oue  another — as  are  the  corresponding  antecedent 
cavities  met  with  in  tlie  early  developmental  phases  of 
the  brain.  But  tlie  '  fifth  ventricle  *  obviously  could  not 
come  into  existence  till  the  Corpus  Cullosum  aud  Fornix 
had  become  developed.  Consequently  no  such  cavi 
exists  in  Birds,  Reptiles,  Amphibia,  or  Fishes.^ 

•  The  armngenient  of  these  central  portu  of  the  Brain  in  loi 
QuadrupL'ds  has  b*»en  well  descriUd  and  figured  by  Prof.  FI 
ill  the  Philofloph.  Trans,  for  1800. 
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It  mast  Qot  be  supposed  that  anything  liko  a  rognlor 
Borial  order  or  proj^ression  is  to  he  observed  in  tho 
development  of  the  Brnin  among  Mamniuln.  In  tljo 
higher  types  of  lower  orders  it  will  often  be  found 
better  developed  than  among  the  lower  t}i)cs  of  higher 
orders.  Still  if  we  compare  tho  extremes  of  the  class — 
that  is,  higher  with  lower  Mammals — a  great  increase  in 
the  developmental  complexity  of  the  organ,  or  in  type  of 
Brain,  as  judged  by  the  human  standard,  will  become 
perfectly  obvious. 

The  ratio  of  the  weight  of  the  Brain  to  the  weight  of 
the  body,  is  subject  to  great  variations,  from  ditlerent 
canses,  so  that  a  table  of  such  ratios  docs  not  give  any 
trustworthy  information  as  to  the  relative  development  of 
the  organ  in  dilTorent  species  of  animals.  We  may  be 
able  to  deduce  some  kind  of  rough  average,  sufficing  to 
indicate  its  increasing  development  if  we  compare  class 
with  class — as  Fishes  with  Birds,  or  Birds  with  Mammals 
— bat  in  detail  and  for  estimating  the  relative  develop- 
ment of  the  Brain  in  diflferent  species,  its  indications  are 
of  littlo  or  no  value.  This  may  Xm  illustrated  by  the 
following  table  in  which  some  of  these  ratios  are  given  : — 


Orccalund  Wliule 

.     1  : 

3000 

Ornitboryncliua  . 

130 

Oi 

, 

:  860 

Porpoise 

93 

Orvat  KuDgiirno. 

:  800 

Hat     . 

70 

Wombat 

:  Gl-t 

Chimpanzco        ., 

60 

ElepLaiit 

:  50O 

Man    . 

m 

Horac. 

:    iOQ 

Fifid  Hfouse 

ai 

Shwp. 

:  OM 

GuIJHnch    . 

2-fc 

Dog    . 

:  305 

Marmozet   . 

22 

Cat     . 

:  l.!>6 

Canary        .        , 

U 

Rabbit 

r 

-•L  .   *  . 

:  140 

Blue-heailedTit. 

;_  3? 

12 

It  is,  of  course^  obvious  enough  that  the  order  indicated 
in  the  above  series  is  one  which  docs  not  correspond  with 


l&ct,  Ibai  iQ  uiiimals  of  any  given  order^ 
weight  of  the  Brain  wlien  passing  from 
to  its  Iiir^^cr  representatives^  dt>e3  not  inc 
in  the  same  proportion  as  the  total  body-w< 
animals.  Some  striking  illustrations  of  tl 
been  cited  by  Professor  Owen.*  Small  and 
seutativea  of  tbe  same  order  of  animtils  are 
joined  list,  bracketed  toprelher,  in  order  to  she 
greater  is  the  ratio  of  brnin-weight  to  body-v 
diminutive  forms. 


Very  small  Marsupial } 


Grout  Kangaroo 

Small  Ant**rnter 
Gn*at  Ant-eater. 

Pygmy  CUcvrotain 
GiruB'u 


:! 


25 

800 

60 

iOO 

80 


1:900 


Kock  Coney 
Khinocerofl 

Weazel      . 
Grisly  Bear 

Marmozet 
Gorilla 


In  part  explanation  of  these  very  intcrestio 
ties,  Prof.  Owen  advances  the  following  hil 
]5rain,**  he  says,  **  grows  more  rapidly  than  th 
is  larger  in   proportion    thereto   at   birth   tl 

growth So    in    the    degree    in    whio| 

retains  the  ipmatare  character  of  dwarBshnel 
is  relatively  larger  than  the  body."  This  maj 
extent  an  explanatioa  of  tbe  ppmlif^vjty  nboi 
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liaritics  of  the  bovenil  jmrla  of  the  Brain,  ns  met  with  in 
different  represcututives  of  the  pfreat  class  of  Qufttlrnpeds. 

The  Medulla,  tho  Cerebellum,  nnrl  Iho  pons  Varolii, 
are  so  intimately  related  to  ono  another,  both  struc- 
turally and  functionally,  that  thoy  may  here  he  regarded 
as  constituting  one  compound  division  of  the  Brain. 

There  is  nothing  special  to  ho  said  concerning  the 
Medulla  iu  Quadrupeds,  except  that  ..    .. 

the  lateral  projections,  known  as  *  oli- 
vary hodies,'  gradually  hecome  more 
developed  (fig.  7*2,  o).  In  many  ani- 
mals, a  layer  of  fibres  oil  each  side, 
known  as  the  *  corpus  trapezoideum  * 
(fig.  73),  crosses  these  structures  and 
partiaUy  hides  them.  In  higher  Quad- 
rnpcds,  however,  such  transverse  fibres 
crosB  the  Medulla  at  a  higher  level  or 
appear  to  be  absent  (fig.  74).  Where 
this  is  the  case  the  '  olivary  bodies '  are 
uncovered;  uhd  as  they  also  become 
larger,  they  may  form  rounded  promi-  no.  78.-Bndnof  nobbit, 
nences,  oneon  each  side  of  the  ^ledulln.  ;""'"7'^r'^\,/^"^' ,*L" 

'  ^  Lourct, )    A,  iJlfuctory  lobe ; 

The  above-mentioned '  corpora  trapc-  i.  i-'-'ii"  ft  tiic nipjioaiinpii*. 
zoidea,*  nsually cross  the  Medulla  at  tho  ^  ^^^iTtZ.Jr^u^'^^ilr 
level  of  the  '  oripin  *  of  the  auditon'  and  o*^"" ;  *■ "'  ^^^t^'"  mamma. 

.    ,  _,,  , .  ■    .  Iwe  ,  }}  c,  crutt  ccrobrt  J  p  r, 

facial  nerves.     Ihcv  are  very  distinct  iKmsvon-ui;  6(.wrpu»Li». 
in  the  Lion,  the  Dog,  and  the  Sheep.'  ^-;;;-- ' .  ?,r;„.;tt' 

Tlie  upper  part  of  the  Mednlhi  is 
bridged  above  and  closely  embraced  by  a  much  Ihickcr 
mass  of  fibres  known  as  tho  pons  Varolii,  the  develop- 
ment of  which  iu  different  Mammals,  is  found  to  ho  strictly 
proportionate  to  the  development  of  tho  lateral  lobes  of 
the   Cerebellam. 

•  See  TioJemann*8  *  Icone»  Cerebri  Simiarum/Tab.  ni  and  vu. 


I  1  5  ... 

marked  by  deep  transverse  fissures,  giving  rif 
of  nearly  parallel  convolutious.     Its  *  lateral 


Fm.  T4.— nr»in  of  Dolphin,  ntirfer  mirfi\«i.  (Owao,  after 
cnirl ;  b.  Miteiiur  pTraniidfl  ;  c.  i\>Di  VrurnHI ;  t.  |io«terior  fiiferior  lol 
^  luterfur  Inferior  lolir,  {;,  auiyt^iloloiM  lube.  Ami  k,  ducciiliia,  nil  lob 
i.  I,  C«r«br*l  ;>o<1udcIm  :  p,  corpiia  albicaiui ;  o,  pftiiitary  tody ;  t 
•Dd  /,  anterior  lolw  uf  Oon-lmiin.  Olfactnry  biiUm  ahneiit ;  !.  uptkl 
ucrreui  of  eym  (fnurth  nervo  ititpoun  from  iibvve  tlie  Cere1>ctlui 
IV.  Um  trifTBmiuns ;  A,  the  iilxth  norru;  7,  the  fncUl,  nnd  8,  tho 
9,  glcMKi-iilwryiigail ;  10,  vairm ;  11,  spUml  accevsory;  13,  liypa|[loM| 


.11 


""■"^" 


jjtj 
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than  the  niedian  lobe.  In  Solipedes,  Rntuinnnts,  and 
Carnivores,  tlio  lateral  lobes  also  begin  to  Burpass  the 
median  in  sizo-  'Jhiw  increase  is  very  notable  among  the 
latter  in  the  Cat  {fijr.  71»),  and  nlno  in  the  Doj^  (fig.  80) ; 
but  it  is  Htill  more  marked  in  many  Cetacen,  such  as  the 
Dolphin  (fig,  T'lj,  and  the  Por|>oi8e  (fig.  77). 


PlO.  T3. 


Fio  7ft. 


I 


Fm.  rs.— Brmtn  of  tho  Hone.  «ppor  lurpcct.    fOrren  ) 

Ptai.  ro. — ^Drmlii  uf    tlio  narc,   ii|)]icr  iu(i>ect.      <A]iunhaIin.)      a,   Oitaeiury  Iitbcn ; 
i>,  OifvbnU  tlembipbertat ;  il,  CvrcUilliitn  ;  r,  MeilullA. 

In  some  Solipedes  and  Carnivores,  the  CoreLcUum, 
instead  of  consisting  of  hroiid  and  compamtivcly  smooth 
lateral  lobes,  together  with  a  narrower  and  nmch  divided 
median  jKirtion  (tig.  77),  in.  ns  Marshall  says,*  **  very 
uneveu  upon  its  surface,  apparently  consisting  of  a 
♦  *•  OuUinen  of  Physiology/'  vol  i.  p.  iU. 
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cluster  of  many  iiTegiilar  and  deeply  foliated  lobales. 
This  kind  of  conformation  is  represented  in  fig.  75.  In 
llio  nmrvcllouslv  active  Bat,  tbc  Ccrebellam  is  very  large 
in  proportion  to  the  size  of  the  Cerebral  Lobes — tbongh 
in  this  niiimal  it  seems  to  be  the  median  portion  which 
becomes  so  Inglily  developed  {^g,  78), 

Between  the  under  surface  of  the  median  lobe  of  t 

Cerebellu 

f^    ^77^  ^K"^?7^^:>^  *°^  ^^®  back' 

'   /^^hP;;^^  of  the  Medul- 

la, tliere  is  a 
small  lozenge- 
shaped  sp*ce, 
known  as  th 
'  fourth  veo 
triclc,'  formed 
by  the  diver- 
geuce  of  what 
were  the  poa- 
terior  columns 
of   the  Spinal 

Pio.  TT.-BmUi  of  Iho  Pwrix)l«o.  witJi  Iho  wrper  half  i»f  Uw  Cord,    aud  tho 

left  Hemisphoro  cut  away  m^  w  to  «liow  tho  contonte  oltlM  ^Anoiiniif>ii 

Ut-Tftl  Ventricle,  (SoUy)  I.  OutcrwaU.rf  Ventrlde;  »,CwTpu»  cuuatijut  u 

Htrlatun  ;  9,  Fornix ;   4,  &,  ulterior  iut<i  po6t«rtor  Mgment*  uponiuf:^    U 
of  qiuulrigemlnal  bodies;  A,  oarpiu  caUoium  ;  T.'CcrabeUuni;       r    *«  <      1 

s.  spiuai corti  i  j>.  pittiai  body.  ol  US  Central 

cjinal.  The 
lower  extremity  of  this  space  may  be  seen  in  figs,  79,  80. 
The  size  of  the  Optic  Lobes,  in  proportion  to  the  rest 
of  the  Brain,  is  very  much  less  in  Quadrupeds  thao  it  is 
in  Birds,  and  this  ratio  goes  on  diminishing  as  we  pass 
from  lower  to  higher  representatives  of  the  former  class. 
These  bodies  have  a  greater  proportional  size  iu  Marsupial 
and  Rodents,  for  instance,  than  in  Ruminants  and  Carni- 
vores.    The  cavities  to  bo  found  in  their  interior  in  B 
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and  lower  Vertebrates  liaro  almost  ceasod  to  exist.  The 
transversG  depression  which  divides  the  two  bodies  into 
four  (*  corpora  qaadrigemina  '),  thouifh  present  in  all  Qaad- 
rapeds,  dindoa  them  variously.  Thus  in  nearly  all  the 
lower  classes,  as  well  as  in  most  Runii- 
nants  uud  SoUpcdes,  the  anterior  segments 
are  larger  than  the  posterior  (fig.  81) ; 
while  in  Carnivora  and  in  some  of  the 
Cetacea,  such  as  the  Porpoise  (fig,  77).  the  J'llf-,ij?;^;,;' 
posterior  segments  are  usuully  the  larger.  (&.ny.)  a.  ounciory 
In  many  Qnadrupcds,  however,  the  anterior  Heiii'i»ii'Bre:^«"<^- 
and  the  posterior  segments  are  nearly  equal  ry»*iiiiin;  b.  spiiui 
in  Bixe.  The  degree  of  development  of  the 
posterior  segments  seems  to  be  ofieu  in  accordance  with 
that  of  the  Cerebellam  with  which  they  are  in  closd 
stmotnral  connection. 


Fia  70. 


Fio.80. 


Tin.  7fl.— Cerebellum  of  tho  C«t,  njiper  and  po"teri<ir  wpcet.     (Perrief.) 
Fia.  SO.  -  Cer«bellum  of  the  Tio\g,  tipiKir  ami  jKiiiteriur  lupcct.    (Pvrrier.) 

The  Cerebral  Hemispheres,  narrowed  in  front,  are 
more  or  less  elongated  and  ovoid  in  form — except  in  Seals, 
Porpoises  and  Dolphins  (figs.  77,  101),  in  which  the 
transverse  diameter  of  these  segments  may  even  exceed 
the  longitudinal.  They  are  relatively  small  in  the  lower 
orders  of  Quadrapeds,  as  may  be  seen  from  the  figure 
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of  tho  brain  of  the  Kangaroo  (fig.  6fl),  together  mih 
those  of  tho  Hnre  niul  Ihc  Si)uirri*l  (figs.  76,  82). 
these  animaU  ihvy  lenvo  the  '  olfactory  lob<»s  *  moro  oi 
less  uncovered  in  front,  and  sometitues  the  '  corpor^^ 
qtiadngoniina*  in  tho  sftino  condition  behind,  But  in 
i{iiminants,  SoIipodcH  and  Carnivores  (i\^n>  04,  72,  87)  tlie 
Cerebral  Lobes  increase  in  size,  so  as  not  only  to  covei 
tho  before-named  bodies  in  front  and 
behind,  but  also  in  part  to  overlap  the 
Cerebellum. 

In  the  Seal,   the  Porpoise  and  the 

Dolphin   (ligs.  77,  101).  the  Corel 

Ilemispheies    undergo   a   still    moi 

marked  increase  in  size.    In  these  ani*- 

unls,  also,  as  well  as  in  Qiiadrumana 

and  Man,  we  no  longer  find  a  distincfci 

'pyriform  process/  recognizable  as  & 

part    of    enrh  '  temporal  lobe  *  at  ita 

Pirt.   Ri- Brain  of   ibo  uudcr  aud  luuer  surfaco — sucbasexists 

raud  ao  u  to  ttpoM  ibc  lu  the  majority  of  the  lower  forms  of 

«m4h«iig«iff!U.   (SoUj.>  Quadrupeds. 

fVroi>nUmn;ii.coTn>«»trin-      Theso  bodics,  which  have  also  boett 

lira;    K,  IhalAmiu;    c,   u,  ^    ,^     ■>   .•>  •  iiu        »  i 

cwiw*  qii»dri«etntiuu  named  'hippoeainpu!  lobes,  are  merely 
tlie  lowest  portions  of  the  Temporul 
Lobes  more  or  less  separated  from  the  remainder  by  a 
superfieial  depression.  The  continuity  existing  l>etwccn 
tho  Olfactory  Peduncles  and  theso  parts  of  the  bruin  is 
particularly  well  marked  in  tho  lied  Coatimondi,  lh« 
Agouti,  the  Porcupine  and  tho  "WattT  Rat,  as  may  ho  seen 
from  the  fijjnres  given  by  Tiedemann.  This  connection 
is  also  indicated  by  our  figs.  69,  78.  82,  93  and  94. 

Theso  *pyrif<>rm  processes*  are  liollowe*!  by  spurs  of 
the  lateral  ventricles.  In  tho  animals  in  which  they  are 
well  marked,  the  Olfactory*  Peduncles  and  Lobes  are  like- 
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wise  well  ilevelojHjd  hollow  stractnrrs,  as  they  arc  in  maiiy 
Rtiptilcs.  The  size  of  the  'pyriform  processes*  in  Qaad- 
niptMls  is,  in  fact,  generally  iii  direct  relation  with  that 
of  the  Olfactory  Lobes,  and  those  are  especially  well 
developed  in  Hodeats^  RumiuantS}  and  certain  Carnivores^ 
while  they  are  ab- 
Bcnt  altogether  iu 
some  of  the  Ce- 
taeoa  (fifj.  74). 

The  more  mi- 
nute description 
of  the  external 
Hurfuco     of     the 

Cerebral       Ilemi-      Fio.  "2.  -Ilaiduudbtninof  nBqulmil.ddftvlcw.  (fttill/.) 
,  .       A,  OUActMr>'l>jliu,  h,  C'oruWil  liamUphorc ;  it.  CeroliolhilB  I 

Spheres,  compns-  h,  spUoi  om. 
ing  some  account 

of  their  'fissures,*  •  lobes/  and  'convolutions/  may  for 
the  moment  bo  deferred,  till  we  have  first  given  some 
iittentiou  to  the  YentiicluH,  CouuuisBares,  and  other  inter- 
al  parts  of  the  Bi*aiu, 


Internal   Topography  of  the  Brain   in    Quadmpeda 
and    some    other    Mammals. 

Each  Cerebral  Lobo  or  Hemisphere  contains  a  Lateral 
Ventricle,  the  size  and  shape  of  which  is  very  variable — 
tliese  being  in  great  part  dependent  upon  the  genorul 
form  of  the  Hemispheres,  and  uj>on  the  relative  size  and 
shape  of  the  ganglionic  prominences  which  the  Ventricles 
contain.  As  already  mentioned,  in  Quadrupeds  possessing 
very  large  Olfactory  Lobes,  prolongations  of  the  Lateral 
Ventricles  extend  into  them  through  their  'peduncles/, 
from  those  s|mr3  which  stretch  downwards  into  the  corre- 
spondingly developed  '  pyriform  processos/ 


m 
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At  tho  anterior  part  of  the  floor  of  each  Lateral  Vc 
Lricle,  is  tlie  rounded  prominence  known  as  the  Corpus 
Striatum.  These  bodies  vary  much  in  size  in  aniniaU  of 
diflV^rent  orders.  They  are  small  in  Marsupials,  and  are 
in  them  partly  overlapped  by  another  well-developed  pro- 
jection known  as  the  Hippocampus  Major — a  body 
corresponding  with,  and  produced  by,  a  deep  depression 


Fte.  SL 


Pio.  M. 


riu.  96. 


k 


Fio.  8S. -Brain  of  a  Chelonlan.    Tn.  S4.-Brtt1ii  of  «  FnsUI  Culf,     Pw.  85—  Brato  of 

Tliow  tbroo  flguran,  fmtn  Rogtmhtuior,  illiiKtmta  the  compamtlre  daT«1a|>iiMcit  off 
tha  OrobriU  HumUphore*  and  rulnt«(l  porU.  In  Flfpu  S3,  S4,  t)io  roof  at  tbo  LaSovl 
VutitdL-le  i«  rrmnviffl  mi  tba  left,  uid  ttie  Fornix  and  Ulppocunpuil  also  oti  tks  Hght. 
lit  Fii;,  Si  lbs  wbol«  InttTol  und  pi-iitprior  purlioo*  of  tbo  rlffat  H«Tnf«rlief«  an 
p^muvrd,  lUitl  as  tniiiilx  uu  tb«  left  wi  ia  nt'CtaaoTf  io  dinpLir  Uie  u|tv<U4l  hotvl  ijf 
tbo  illppocampnii.  In  all  tho  fltciina  ]  uiarlui  tho  Cerebral  Bcmlspbcnj ;  II,  Ihfl 
lli^lainiia:  Ilt.tlifl  Corpura  t^uadrigvinma :  IV,  Tbo  CcroMbim :  V,  Uie  Meditlta. 
*/,  OH:ictnry  l«bo  (rfit.'wii  in  FUt-  ^  m  cinnnmlcJlting  witb  thn  lateral  Venttlcle); 
i  r,  Corpus  StrUtum ;  /.  t'oratx  ;  A,  Hlppocanipui ;  sr,  fourth  reotricl« ;  ff*  grmtmlaM 
bf«i>- 

or  fissnre  on  the  inner  surface  of  tho  Hemisphere — the 
*  fissure  of  the  Hippocampiis/  In  Hares  also  the  Cor- 
pora Striata  are  small,  while  tlie  Hippocampi  are  large. 
The  latter  bodies  are  remarkable  for  their  great  size  in 
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the  Beaver.  Tlxe  Corpora  Striula  are  said,  by  Stannius, 
to  be  large  iu  Bats, -in  many  RodentH,  and  also  in  tho 
£dentata. 

Contij^uous  und  posterior  to  each  Curpus  Stnatum  is 
another  romided  eminence,  sometiuies  called  tbe  *  Optic 
Tbulumus,*  but  which  it  will  be  fur  bettor  simply  to 
term  the  Thalamus.     These  bodies  have  previously  been 


Pw.  Wt— Tho  Bnin  of  tho  D«>lphln.  with  (hp  ujiper  i<.rl  ..f  tljo  tfenibphere*  cut  «^ 
—tiboTO  tho  tev«l  of  tho  Vcittrlcle  on  the  left,  »nd  »j  X5  to  aliuw  tbU  ca>-tty  on  the 
right  aldo-  (Owen,  tiftcr  Tiedemuin.J  6,  Curpus  cniUvuin :  c,  r,  bottuni  nf  surfuM 
ft«MtrM  or  'siild;'  d,  k,  t<ir]>itii  StHatum;  h,  nippocnmpuB,  witb  iU  unusoAUy 
bnwd  tno  bonioror  '  ta<uU'(>)  cintlnnod  into  tlia  P<jniix  ;  y,  Thabunuo. 

referred  to  in  Reptiles  and  Birds,  uht-re  they  first  show 
themselves  as  projections  developing  from  the  upper  und 
inner  aspects  of  the  Certbral  Podunclea:  in  Qimdnipeds, 
however,  owing  to  the  backward  extension  of  the  Cerebral 
Hemispheres,  they  seem  to  become  included  within  these 
nd  to  project  into  the  inner  pnrt  of  the  floor  of  each 
Lateral  Ventricle,  But  iu  rtMiliLy  they  lie  outride  these 
parts.  They  are  overhippcd  by  the  '  velum  interpositum,' 
a  membrane  conatilutin;j  the  roof  of  the  Third  Ventricle. 
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and  ttlso  by  the  'fornix*  and  'lyra,*  the  description  of 
which  will  shortly  follow.* 

Between  the  contii:uous  inner  Burfaces  of  the  Thalomi 


Fig.  87.— Tlio  Crrobni]  HffroUphrrcn  nf  tho  t>«i[.  vopnniUd,  uttvr  illrUlon  nf  Ow 
CorfniA  Cnlla.funi,  so  ao  to  cxpu«e  \Ue  Vcntriolct  ai»l  Dasftl  Giui«rlii-  <F«:niar  I 
1,  lutMiiol  «urfcw:e  of  left  HemU)  lien:  :  'J.  C(>n>UB  t^triitum  ;  3.  Thitkuniu  ;  I.  S, 
oonwra  qtiadrfffamitu ;  0,  anterior  pUlnr  vf  Uio  fornix,  dlvlOed  im  thu  lett,  iind(<1ilail 
on  the  rltftit  sido  lit);  '.  tbo  thlfd  vcntricl«,  exptucd  by  Uravring  tbe  tl 
MniDdtfr;  S,  Uie  upper  nuifnoo  of  Uiu  Orcbollum;  ti,  olfactory  lolw  ur  Imlh  ;  \9A 
anterior  comiuiMure :  U.  coqitji  catl<«iiiD,  dtvtdod;  IS.  middle  commumiro. 
tmdlug  acrr«a  tha  tbinl  vcntrlclo :  14,  ptncAl  hi^iy,  lyin^  over  and  nmocallng 
pcMtcrior  ooraffllMuro ;  15,  de«cendiiiK  coiini  of  tlio  latcnl  «entrfclo. 

there  is  a  narrow  space  known  as  the  Third  Ventricle 
(li^s.  72,  ;3 ;  87,  7).  It  is  BitunteJ  below  the  level  of  tho 
Lateral   YentricIeB,    though  each  of  these  opona  into  i&j 

*  By  reference  to  fip.  87,  it  will  be  aceu   that  tho  fornix  (IS 
constitutes   the   inner   und   pogterior   boundary   of   tho  Oreblttl 
Ui'misphcrc,  and  that  tlie  Tbulamas  (3)  lies  qnito  outside  it  amij 
iU  Vcnlriclo — thongh  Ihe  ins(iectiun  of  a  liorizoutJil   Bi.-ction 
tbe  hemispbere,  as  in  fig.  86,  might  give  rijio  to  an  entirely 
inprcflston. 
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anteriorly  through  the  *  foramen  of  Monro.'  Behind,  it 
is  coDtinnous  bj  means  of  a  passage  bcncAth  the  Corpora 
Quadrigcmiua  (lig.  72,  t  q)  with  the  Fourth  Ventricle,  The 
Third  Ventricle  is  likewise  continuous  below  with  the 
« infundibnlura  '  of  the  Pituitary  Body.  At  its  posterior 
and  uj>per  boundary  is  the  peculiar  pyi-iform  structure 
known  as  the  Pineal  Body,  which  is  attached  by  two  long 
peduncles  to  the  upper  and  inner  borders  of  tlio  Thalami 
(fig.  72).  This  body  itself  lies  a^^ainst  and  just  in  front 
I  of  the  Corpora  Qnadrigeminn ;  it  is,  in  proportion  to 
^^othcr  parts,  decidedly  suialler  than  the  corresponding 
^B^tructures  in  Beptiles  or  Birds.  It  is  extremely  small  in 
^Hbe  Habbit  and  some  other  Rodents. 


The  distinct  Onnmissarcs  seen  in  or  in  connection  mth 
the  Lat*»rfll  and  Tliird  Ventricles  are  five  in  number.     Of 


W. 


these,  three  are  to  be  found  also  (though  in  a  Tery 
rudimentary  condition)  in  some  of  the  lower  Vertebrates, 
while  the  two  others  api>oar  for  the  first  time  in  Quadru- 
peds. 

The  Anterior  Conunissure  is  a  band  of  fibres  of  vari- 
abio  thickness,  which  stretches  across  the  anterior  and 
upper  boundary  of  the  Third  Ventricle  (fig,  87,  10),  and 
penetrates  deeply  through  each  Corpus  Striatum  to  certain 
surface  regions  of  the  Cerebral  Hemispheres.  It  is  larger 
in  Marsupials  and  Monotreraes  than  in  any  other  Mam- 
mals, and  in  higher  representatives  of  the  class  it  is 
usually  thickest  in  those  animals  which  have  well-developed 
Olfactory  Lobes,  since  it  seems  to  be  a  commissure  serving 
principally  to  bring  the  two  cerebral  centres  of  the  sense 
of  Smell  into  relation  with  one  another.  In  part  it  con- 
nects the  Olfactory  Peduncles  with  one  another,  and  in  part 
it  serves  to  bring  into  relation  those  regions  of  the  brain  in 
each  hemisphere  in  and  about  the  Hippocampi,  to  which 
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the  majority  of  the  root  fibres  of  such  tracts  proceed.  It 
is  a  structure,  therefore,  much  lar^<?r  in  tlic  greater  nam- 
ber  of  Quadrupeds  than  it  is  in  Man.  In  Bomo  of  tho 
Cetacea  the  '  antcnor  coninuHBure  '  is  so  small  as  to  be 
almost  non-existent. 

The  Middle  Coxnmissare  is  a  short  and  rathir  thick 
bridge  of  soft  gan<»lionic  matter,  which  passes  across  the 
middle  of  the  Third  Ventricle  (figs.  87,  13;  72,  co)  from 
one  thalamus  to  the  other,  and  therefore  sen*es  to  connect 
these  two  great  ganglia. 

The  Posterior  Conunissure  is  small,  and  composed  of 
wliite  fibres.  It  passes  immediately  in  front  of  the  base 
of  the  Pijieal  body,  and  its  fibres  are  prolonged,  on  each 
side,  into  the  substance  of  the  posterior  part  of  the  Tha- 
himus. 

y^^e  come  now  to  the  commiRSurcs  met  with  only  in  the 
brain  of  Mammals. 

The  Fornix  is  a  double  commissure,  each  half  of  which 
Bufilccs  to  connect  two  regions  of  the  same  Hemisphere 
with  one  another — viz.,  the  Hippocnmpal  region  with  the 
inner  part  of  the  corresponding  Thalamus.  The  two 
halves  of  this  structure  come  into  contact  only  during  a 
small  part  of  their  course — about  the  middle  of  it — bat 
they  are  also  brought  into  some  sort  of  relation  posterior 
to  this  point  by  means  of  a  stratum  of  cross  fibres,  the 
nature  and  connections  of  which  are  described  below. 

Along  the  inner  side  of  the  Hippocampus,  as  it  projects 
into  the  descending  prolongation  of  the  Lateral  Ventricle, 
a  ridge  or  band  of  white  fibres  (*  tenia  hippocampi ')  may  bo 
traced  upwards  on  each  sido  (fig.  86,  t),  which  soon  becomes 
free  as  the  *  posterior  pillar  *  of  the  Fornix,  and  bends  for- 
wards and  inwards  over  the  Thalamus  so  as  to  join  its 
fellow  on  the  opposite  side,  as  above  stated.  Posterior  to  the 
point  of  contact  of  these  *  pillars '  with  one  another,  certain 
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transverse  fibres  [known  as  *  psalterial  fibres ')  exist,  which 
form  a  rclloctetl  piu'lof  the  great  transverse  coramissure  or 
Corpus  CalloBum.  This  body  is,  in  fact,  bent  upon  itself 
behind,  and  it  is  the  portion  (thence  prolonged  forwards  to 
the  posterior  pillars  of  the  Fornix,  somewhat  triangular 
in  shape}  which,  in  higher  Mammals,  is  commonly  called 
the  *  psttlteriam '  or  '  lyra/  Beneath  it  is  a  membrane 
(*  velum  intcrpositum ')  lying  on  the  surface  of  the 
Thalami  (a  great  part  of  which  it  hidec)),  and  fonniug 
a  kind  of  rouf  over  the  Third  Ventricle, 

Opposite  the  anteiior  extremities  of  the  Thalami,  the 
two  halves  of  the  Fornix  again  separate  so  as  to  constitute 
its  '  anterior  pillars,*  which  dip  downwards  just  behind 
ihe  Anterior  Commissure,  along  the  side  of  the  third 
ventricle  to  its  floor,  where  each,  after  twisting  upon  itself, 
60  as,  with  its  fellow,  to  canse  a  sin<;Ie  white  projection 
'Corpus  albicans')  near  the  centre  of  the  base  of  the 
brain  (fig.  74,  p),  again  passes  upwards  and  penetrates  the 
inner  side  of  the  corresponding  Thalamus. 

The  Fornix  exists  in  all  Quadrupeds,  and  has  a  much 
larger  relative  size  in  some  of  the  lower  forms  than  in  the 
Qufldrumaua  or  Man.  It  is,  for  instance,  extremely  well 
developed  in  the  Beaver,  the  Ilabbit,  and  other  Rodents, 

The  Corpus  Callosiua  was  formerly  believed  not  to 
exist  in  the  Monotremes  and  Marsupials;  and,  in  fact,  it 
is  present  in  them  only  as  a  very  rudimentary  structure. 
In  Insectivora  it  is  larger  ;  while  in  some  Eodents  it  has 
already  attained  a  considerable  development,  as  may  be 
Been  from  the  broiu  of  the  Beaver  (fig.  71),  where  it  ia 
thick  and  comparatively  long  from  before  backwards.  Id 
this  animal  it  has  also  attained  the  more  horizontal  direc- 
tion commonly  met  with  in  higher  forms,  though  in  some 
other  Eodents  it  is  a  notably  less  developed  structure — 
being  short,  thin,  and  nearly  vertical  in  du'ection.     The 
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figures  show  a  more  developed  form  of  the  Corpas  C&1< 
losum  in  the  Horse  (fig.  72),  Ui  the  Dolphin  (fig.  85),  and 
in  the  Dog  (^g.  87). 

The  Corpus  Callosnm  stretches  across  from  one  Cere- 
bral Hemisphere  to  the  other;  its  fibres  constitnte  the 
roof  of  each  Lateral  Yentricle,  and  thence  diTcr<^e  to  many  ^J 
parts  of  the  surface  grey  matter  of  each   Hemisphere.  ^M 
Similar  cortical  areas  ou  the  two  sides  are  thns  brought 
into  functional  relation  with  one  another.   It  ha?,  therefore* 
a  wider  kind  of  ofhce,  though  identical  in  nature  to  thai 
performed  by  the  Anterior  Commissnre.     It  is  an  error, 
however,  to  place  these  structures  in  the  same  category 
with  the  Fornix,  as   many  of  the  older  anatomists  and' 
even  some  modern  writers  have  done — since  this  latter 
commissure  serves  to  nnite  different  regions  of  the  same 
Hemisphere,   rather    than   similar    regions   of  the   two 
Hemispheres  with  one  another.  ^fl 

The  mode  in  which  the  Corpus  Callosum  and  the  Fornix" 
are  united  posteriorly  by  the  *  psniterial  fibres/  and  the 
way  in  which  the  same  two  bodies  recede  from  one  another 
anteriorly,  and  thus  contribute  to  the  formation  of  the 
Fifth  Yentriole,  has  been  previously  described  {tee  also 
fig.  72). 

Any  one  wishing  to  obtain  more  distinct  motions  as  to 
the  varying  developments  and  relations  of  these  several 
Commissures,  should  consult  the  admirable  figures 
given  by  Flower,*  illustrating  the  relative  size  and  dis- 
tribution of  these  parts  in  the  Sheep,  Rubbit,  Sloth,  and 
Hedgehog,  as  compared  with  what  obtains  among  certain; 
Marsupials  and  Monotremes. 
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♦  Philo80ph.  Trans.  X865,  PI.  rxxvii.  anJ  xxxviii. 
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External  Topography  of  the  Brain  in  Quadrupeds, 
and  some  other  Mammals. 

The  thickness  of  the  layer  of  ganglionic  Grey  Matter 
on  the  snrfticG  of  the  brain  undergoes  a  gradual  increase 
among  the  Vertcbifttn.  The  layer  is  so  thin  in  Fishes 
that  the  surface  of  the  Cerchrul  LoLes  appears  almost 
white  to  the  naked  eye.  In  Mammals,  however,  we  have, 
even  in  the  lowest  of  them  (and  its  thickness  increases  in 
higher  forms)  a  continuous  stratum  of  such  matter  cover- 
ing the  whole  of  the  Cerebral  Hemispheres,  Of  course 
the  more  the  surface  of  the  hcmiRpheve  is  folded  and  con- 
volatcd,  the  greater  is  its  proportional  amount,  since  this 
Grey  Matter  covers  all  parts  of  the  surface,  whether  it  be 
folded  inwards  or  outwards  (fig,  85,  c,  c). 

In  Fishes,  Amphibia,  Ecptiles,  and  Birds,  there  arc  no 
regular*fis8ures,*  and,  consequently,  no  division  of  the  Cere- 
brum into  *  lobes. '  Each  Cerebral  Hemisphere  lias,  indeed, 
in  these  lower  forms  been  supposed  by  some,  though  on 
insuf&cient  gi'ounds,  to  correspond  with  the  '  anterior  lobe  * 
of  the  brain  of  the  Apo  and  Man.  The  'middle  lobes* 
are  believed  to  make  their  appearonco  Bnbscfiuently,  as 
added  parts,  in  the  lower  Quadrupeds ;  ■while  the  '  pos- 
terior lobes  *  are,  similarly,  deemed  to  make  their  first 
appearance  among  the  lower  Qaadrumana.  But,  as  Prof. 
Marshall  very  properly  observes,  "  the  lobes  may  not  be 
distinguishable,  and  yet  homologous  parts  of  the  cerebral 
hemispheres  may  bo  present,  however  slightly  developed, 
throughout  all  the  Vertebrates,'*  The  appearance,  indeed, 
of  the  brain  of  some  of  the  Cetacea,  such  as  the  Porpoise 
and  the  Dolphin,  makes  it  rather  more  probable  that  it  is  the 
middle  regions  of  the  brain  which  are  specially  developed 
in  them,   while  both   anterior  and  posterior  lobes  (and 
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especially  the  latter)  are  in  a  comparatively  radimentary 
coi]<liti[>n. 

Speaking  generally,  it  may  be  fiaid  that  in  Qaadrapeds 
the  Brain  tends  gradually  to  become  more  and  more  con- 
voluted as  we  proceed  from  lower  to  higher  oiders.  It 
must  not  bo  supposed,  however,  that  anything  Uke  a 
serial  development  is  to  be  detected — in  the  first  |dacej 
because  certain  difTercnces  in  '  plan  of  Convolution/  seem  to 
be  traceable  among  them ;  and  secondly,  because  in  all  the 
orders  (and  therefore,  even  in  cases  where  the  same  plan 
is  observable),  the  degree  of  coraphcacy  of  the  convolutions 
is  very  largely  determined  by  the  mere  size  of  the  animaL 
It  has  been  found,  for  instance,  as  a  general  rule  to  which 
there  are  only  few  exceptions,  that  in  animals  of  the  sama^H 
group  or  order,  the  number  and  complexity  of  the  convolo-^H 
tions  increase  with  the  size  of  the  animal.  This  may  be 
recognized,  for  instance,  by  a  comparison  of  the  brain  of  the 
Horse  with  that  of  the  Elephant ;  of  those  of  the  Sheep 
and  Ox ;  of  tho  brain  of  the  Cat  with  that  of  the  Seal ; 
and  also,  as  we  shall  find,  of  those  of  smaller  and  of 
larger  tiuadrumana.  In  the  Elephant,  the  largest  though 
also  the  most  sagacious  of  existing  Quadrupeds,  the  com- 
plexity of  cerebral  convoluLiontj  is  at  its  maximum.  Tbej 
are  also  exceedingly  complex  in  the  huge  Cotacea,  and 
even  in  some  of  tho  uumller  representatives  of  the  8am< 
class. 

It  has  been  previously  shown  that  the  weight  of  the 
Brain  as  compared  with  that  of  tlie  body  is  less  in  diffcrenl 
orders  of  animals,  as  the  size  of  the  representative  of  any 
such  order  increases ;  yet  now  it  appears  that  this  smaller 
proportional  aizo  of  the  Brain  in  large  animals  is,  to  • 
certain  extent,  compensated  by  its  greater  proportional 
extent  of  surface  ganglionic  matter — obtained  through 
increased  number  and  depth  of  Convolutions. 
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There  cannot  therefore  be,  among  animals  of  the  same 
order,  any  simple  or  definite  relation  between  the  degree 
of  the  Intclhgonce  of  the  creature  and  the  number  or 
disposition  of  its  Cerebral  Convolutions — since  this  struc- 
tural feature  of  the  Brain  seems  to  bo  most  powerfully 
re^irulated  by  the  niero  bulk  of  the  creature  to  which  it 
belongs.  But  if,  when  taken  alone,  the  de^ee  of  com- 
plicacy of  the  convolutions  affords  no  safe  guidance  in 
regard  to  the  degree  of  an  animars  Intelligence,  when 
comparing  different  species  of  the  same  order  (whose 
couvolutional  '  pattern  *  ia  therefore  the  same),  it  will  be 
found  to  fail  even  more,  as  a  criterion  for  estimating  the 
relative  Intelligence  of  representatives  of  different  natural 
orders — especially  if  these  should  happen  to  be  orders 
cbaracteiized  by  a  different  convolutional  'pattern.*  Thus, 
the  brain  of  the  Beaver  is  almost  smooth,  while  that  of 
the  Sheep  presents  numerous  convolutions  which  both  in 
number  and  complexlLy  decidedly  surpass  even  those  of 
the  Dog. 

The  more  closely  animals  are  related  to  one  anothefi 
however,  and  the  more  they  are  of  about  the  same  size, 
the  pjore  should  we  bo  entitled  to  look  for  some  propor- 
tional relations  between  tlie  development  of  their  Cerebral 
Convolutions  and  their  Intelhgence.  The  comparison  of 
convolutional  complexity  is  therefore  of  principal  interest 
and  value  when  we  are  concerned  with  species  of  the  same 
or  closely  allied  orders,  or,  even  more,  when  we  compare 
the  Brains  of  indinduals  of  the  same  species,  or  of  mere 
■varieties,  with  one  another.  This  kind  of  interest,  there- 
>re,  culminates  in  the  comparison  of  the  degrees  of  con- 
volutional Gumplexity  to  be  met  with  among  the  different 
races  of  A[an. 

In  taking  account  of  the  more  size  of  the  Brain  in 
diOerent  animals,  as  well  as  of  its  degree  of  couvolutional 
13 
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developnieDt,  in  rcfercnco  to  tlie  amount  of  Intclliffence 
they  are  accostomed  to  display,  Bevenil  points  hare  to 
be  borne  in  mind,  which  arc  too  apt  to  be  overlooked. 
Sizo  of  Brain,  and  with  it  convolntional  complexity,  most, 
for  instance,  he  closely  related  to  the  number  and  variety 
of  an  animal's  Sensorial  Impressions — the  raw  material  as 
it  were  of  Intellifjence ;  but  it  must  be  also  largely  depen- 
dent npon  the  orf*nnism*8  power  of  evokinpr  simple  Move- 
ments continuously  or  with  great  energy,  as  well  as  npon 
its  power  of  performing  very  varied  or  intricate  Movements, 
Herbert  Spencer  has  called  special  attention  to  this  latter 
point  of  view.* 

The  importance  of  taking  into  acconnt  the  powers  of  I 
Movement  possessed  by  the  animal  is  fully  borne  out  by  the 
fact  that  the  Brain  attains  such  a  remarkable  size  in  the 
Shark,  as  well  as  in  the  Porpoise  and  the  Dolphin — all  of 
them  creatures  whose  Movements  are  exceptionally  rapid, 
continaoua,  and  varied.  The  great  increase  in  the  size  of 
the  Cerebellum  in  each  of  these  creatures  is,  therefore,  not 
so  surprising;  but  it  seems  very  puzzling,  at  tirst  sight,  to 
understand  why  this  should  be  accompanied  bya  co-ordinate 
increase  in  the  development  of  the  Cerebral  Hemispheres. 
For  this,  however^  there  are  two  causes,  the  one  general 
and  the  other  more  special.  It  is  a  fact  generally  obsen^, 
that  Sensorial  Activity,  and  therefore  Intelligent  Dis- 
crimination, increnses  with  an  animal's  powers  of  Muve- 
meut ;  and  secondly,  there  must  be  special  parts  of  the^y 
Cerebral  Hemispheres  devoted  to  the  more  Sensory  Appro^H 
elation  of  Movements  executed.  The  nerve  elements  lying ^ 
at  the  basis  of  this  latter  appreciation,  however  they  may 
be  distributed  through  the  Hemispheres,  would  naturally 
be  the  more  developed  (and,  consequently,  all  the  more 
calculated  to  help  to  swell  the  size  of  the  Cerebrum),  in 
*  "  Princij.lM  of  Psychology,"  vol.  I  p.  192. 


Ciup.  XVI.] 


BOMB    OTMKR    UAVMAT.S. 


273 


proportion  to  the  vfiriety  and  continuftnce  of  the  Move- 
ments which  the  animal  is  accustomed  to  exocuto. 


Arrangement  of  Convolutions. — In  the  lowest  Quad- 
rnpeds  there  are  no  Convolutions  at  all.  This,  for 
ioKtance.  ia  the  cane  with  Monotremes,  and  the  lower 
Marsupluls  and  Rodents.  Hut  in  other  higher  forms 
Convolutions  exist,  and  are  arranped  in  accordance  with 
two  distinct  types  or  putterns,  which  have  heen  named 
respectively,  the  *  oblique  '  and  tlie  *  longitudinal.*  The 
following  brief  references  to  those  two  patterns  are  con- 
densed from  Owen's  account  of  them,*  It  ia  not  intended 
to  give  anji.hiug  like  a  full  descriptinn  here,  but  merely 
to  indicate  some  of  their  most  striking  peculiarities. 

The 'oblique  pattern'  is  met  with  among  the  hoofed 
Quadrupeds,  viz.,  Runiinanta.  Suliiieiles,  and  Pachyderms. 
Tho  '  louj^itudinal  pattern  '  pertains  to  other  Mammals, 
comprised  principally  within  the  orders  Carnivora  and 
Cetttcea. 

A  third  or  '  transverse  pattern  *  is  common  to  tlie 
Qnadrumana  and  Man,  as  will  be  shown  in  subsequent 
rlnipters,  and  on  this  we  shall  find  it  worth  while  to  bestow 
a  much  larger  amount  of  attention. 

Notwithstanding  the  very  numeroufl  diflfercncca  in  detail, 
certaiu  primary' '  fissures  *  seem  to  bo  common  to  the  thrt^e 
types.  One  of  the  most  constant  of  these  is  the  '  tissure 
of  Sylvius  *  on  the  outer  surface  of  the  Hemispheres ; 
while,  another,  also  very  constant,  is  the  *  fissure  of  the 
Hippocampus.'  The  latter,  situated  on  tho  inner  aspect 
of  the  hemispheres,  has  already  been  alluded  to  as  cor- 
responding with  the  body  of  the  same  name  which 
projects,  in  each  homiFphere,  into  a  descending  pro- 
longation of  the  Lateral  Ventricle. 

♦  ••.■\uttlomy  of  Ibe  Vertcbrutcjii"  vol.  iiu 


280 


TIIK    URAIN    OF    QUADllUPEDS    ANU 


llu  'Oblique  Pattern:— The  simple  form  of  this  tj 
couvulutionul  arruugeuieut  may  be  well  seen  io  the  BmaB 


FlO.  88. 


Fm.  89. 


Fig.  M. 


Fin.  8S.— Brain  nf  the  Hock  Conny  (//yrftar). 

Fin.  M).— Loft  CerobMiI  FToinisphvrv  of  Uio  TTtmo. 

PiQ.  00.— Loft  ConibnU  HetuUplHitv  of  tiie  BhinoeenM 

Rock  Coney  (figa.  88,  93).     More  complete  forms  are 


Fio.  M. 


Fio.  9S. 


FM).  01.— I*ft  CorohnJ  Horatiphero 
o(  the  Slag  [Cf nitty 


Fki.  1)3.  — Left  Cerrhml  HeiulqitMrt 

of  Um  ttlraffo. 


be  seen  in  tbo  Ilor&e  (fig.  80)  and  tho  lUiiuoceroB  (fig. 
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In  tlie  latter  Ibo  Liiidcr  parts  of  iLo  HeniispbereB  are 
notably  expanded,  and  tbc  anterior  lobos  are  larger  in 
uU  tbeir  dimensions.  In  tbis  couvolutionnl  plan,  as  ibe 
fi^'ures  borrowed  from  Owen's  *  Anatomy  of  (be  Verte- 
bratcB '  sbow,  tbe  primary  convolutions  of  tbe  two  bulves 
of  the  Cerebrum  converge  from  behind  forwards,  as  far 
as  tbe  anterior  third  of  tbe  Gerebriil  Hemispheres — and 
tbenco  diverge  in  diHeront  directions,* 


Fio. 


8.— Brahi  nt  the  Rocic  Coney, 
■Idc  Tlew. 


Pio.  W.— Ilraln  n*  Uio  niratfo, 
ildc  vlow. 


Starting  from  another  small  form,  llic  Pigmy  Cbevrotnin 
(Tra*;ulus),  we  may  find  a  similar  convolutional  develop- 
ment attaininjT  to  higher  types  of  the  siimc  general  pattern 
in  tbe  Stag  (fig.  91),  tbe  Sheep,  tbe  Ox,  tbc  Giraffe 
(figs.  02,  94),  the  Camel,  the  Hippopotamus  and  llie 
Elejtbaut  (fig.  95).  The  gi'cater  convolutional  complexity 
of  tbc  brain  in  these  larger  forms  is  represented  in  detail, 
as  Owen  has  pointed  oat,  by  the  fuller  development  of  tbe 
'primary  fissures,'  by  their  more   sinuous  course,  and  by 

•  The  letters  and  nuriiorals  in  the  several  fipnres  ore  nlwaya  the 
same  for  correspondinj^  Convolutions  and  FiBanrec,  and  this  will 
materially  awist  the  reader  in  hi«  compariaon  of  the  di6erent 
forma.  The  explanations  of  these  referencen  are  piven  by  Owen 
(loc.  cit,  vnl.  lit  pp.  13(j,  137),  where  the  Fissures  and  Convolutions 
of  Mammalia  are  enumerated  mainly  in  their  order  of  conntancy. 
Iktany  outline  iigurea  of  the  Cerebral  Convulutions  of  other  ani- 
maU  will  likowifie  be  found  in  this  work. 


282 


THK    BRAIX    OP    QUADRirPKDS    AND 


the  devolopmeut  from  tbcm  of  numerous  oiTsbuots  in  thi 
form  of  *  secoiulary  fissures.' 

The  *  Lojuf'ittflinal   P<i1teni/     This   mode  of  arrange 
ment  of  some  of  the  2)riiicipal  convuIutiuuB  is  well  seen  i 
many  of  the  Cui*uivora  when  the  braiu  is  looked  at  fro 
above,  as  in   the  Cat  (fig.   !*C).     ^Mien  viewed  from  ibo 
side   the   surface   of  the   howisphore   may  be  Been,    fts 
Marshall  sjya,  to  be  divided  "  into  four  ]irincipal  ante 
posterior   convolutions,    which  seem    to    bond    in   &im| 

curves  arouud  the  up- 
per end  of  the  Sylv 
fissure^  one  above 
other,  and  pass  co 
tinnously  from  th 
iiutorioror  frontal,  in- 
tu  the  middle  or  pa- 
rieto- temporal  lolie." 
This  is  well  shown  ia 
figs.  98-100 

In  the  larger  Fclin 

pUiit.  Bid*  Tiow.  nnic),  nKiMcci.  animftis   m08l    01   UIO 

primary  fissures  pre- 
sent short  secondary  branches.  In  the  Fox  and  in  the  Dog 
tln3  liasures  are  more  numerous  still.*  The  Cerebrum  ia 
also  larger  and  nan*ower  anteriorly^  though  in  the  Boar  it 
is  again  found  to  1)6  more  oblong.  In  the  Seal  this  part  of 
the  Braiu  attains  the  greatest  relative  size  and  complexity 
known  in  the  present  gronp.f  The  Hemispheres  are 
unusually  broad,  and  richly  couvolaled  ;  but  a  comparison 
of  the  reliilivo  denlh  of  the   fissures  iMiables 


^ 


pnmary 


•  Tills  in  mi.rtf  obvious  in  the  Door  tlian  in  tht  Vox.  owing  to 
gre«l4'r  nnmbcr.  IcxiKth,  and  Jepth  of  it«  ^''-ondary  fia»mrefl. 

t  Kxpellent  f;  *■  ^'     ]  niin  of  t*^«  ^<^^  ^re  pven  by  TWe- 

roann  in  his  *  1<  irniurum-'    TaK  i,  fij^g,  7^  g^ 
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to  be  distinguished  from  those  of  the  sccondai*y  order. 
The  mass  of  tlie  Hemispheres  behind  tliu  *  fisBure  of 
Hylviua*  is  relatively  greater  than  in  other  Curnivora,  and  a 
larger  propt)rtion  of  the  Cerebellum  is  also  coverefl  thereby. 
The  general  ]nir;illol  arrangement  of  the  convolutions 


Flo.  M.— Brain  o!  Ibo  Cat. 
(TicUcnutnu.) 


Fio.  9T   -Hmln  of  the  Dog. 
(Tlodouumu.) 


in  tbo  Camivora  is,  as  Oweu  points  out,  oren  more  marked 
in  tho  Cetacea.  Thia  may  bo  seen  in  the  Porpoise 
(fig.  77),  and,  though  Icsa  distinctly,  in  tho  Dolphin 
(tig.  101).  Tho  breadth  of  tho  Cerebral  Hemispheres  is 
most  striking  in  both  these  creatures — bat  especially  in 


Fia.  Wi,-Br.anof  thaCoati.  Fio.  00. -Bj»iii  oMUo  Cat  Fi«.  lOO.—BniiD  of  Uic  fvx. 


tbo  Dolphin.  The  convolutions  in  the  latter  are  also 
exceedingly  complex,  so  that  in  this  respect  its  brain  stands 
at  present  at  the  licad  of  the  well-known  representatives  of 
the  'longitudinal   pattern,'  just  as  that  of  the  Klcphant 


28i 


THR    BRAIN    OP    qUADRUPKDS    AWD 


(fig.  95)  does  at  the   bead  of  tbe  representatives  of  tlie 
'  oblique  pattern  '  mot  with  among  Herbivora. 

It  is  somowbab  puz/ljii<^  tbiiL  8ucb  a  position  should 
taken  by  the  braiu  of  a  creature  possessing  uo  great 
dimensions  than  tbe  Dolphin.  But  we  need  more  infor-- 
mation  as  to  tbe  exact  cliaracters  of  tbe  brain  in  tho 
larjj;er  Cetacoa,  in  which,  according  to  the  rule  previously 
Hpecified,  tho  complicacy  of  convolutions  onp^bt  to  l)e 
extremely  well  marked — though  their  dimi  nibbed  powers 


Fio,  101.  -Brnln  of  tbo  Du]|>hlii.  uprcr  A«p<ict.    (Owon,  after  Tfcdrmum.} 

and  diminished  customary  rate  of  Movement  would  afford 
a  set-off  in  tbe  contrary  direction.  While  one  of  tho 
groat  Whales  is  leisurely  moving  along  at  tbe  rate  of 
five  miles  an  hour,  a  Dolphin  may  and  often  does  eaailj 
cover  twenty  miles  in  the  same  time,  and  its  superiority  in 
regard  to  variety  of  Movements  would  probably  be  cqnall^v 
well  marked,* 

•  Since  this  Chapter  haa  been  in  the  printer'8  hands,  n  deitcrip- 
tiou  with  6jfure»  of  the  Brniii  of  the  "Wliito  Whide  (W*-/(iy.j)  has 
boon  published  in  the  JoumtU  of  Anatomy  and  Phyttiol/njy,  Jai 
1879,  by  Dr.  Major. 
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According  to  Owen,  the  convolutions  of  tbe  laterd 
aspect  of  the  HemiBphercH,  around  aud  ahore  tho  '  tissure 
of  Sylvius,'  are  more  andulatiug  or  interrupted — and 
therefore  less  neatl)'  defined — in  the  larger  Herhivora  than 
among  the  larger  Carnivora  and  Cetacea.  This  lock  of 
definition  is,  however,  carried  to  an  a&tremo  degree  in  the 
most  richly  convoluted  brains  of  hoth  types. 


CnAPTER  X^TI, 


THK   ItlUIK   OF   QUADRDMAXA. 


The  Brains  of  Lemars,  Monke}-8,  Baboons  and  Apes, 
prosent  many  common  clmractera,  which  testify  to  the 
close  relationship  of  these  several  fonns  with  one  another. 
A  sort  of  gradation,  though  not  that  of  a  single  scries^  is  to 
be  met  with.  Beginning  in  the  Lemurs,  with  a  brain 
whose  structure  is  onl}'  little  remove*!  from  that  of 
Rodents,  we  may  pass  by  means  of  most  distinct  trao&i- 
tion  forms  to  the  more  highly  evolved  Cerebral  Hemi- 
spheres of  the  great  *  raan-liko  *  Apes — the  Chimpansee, 
tbe  Gorilla,  and  the  Orang-utan. 

A  eertaia  community  of  structure  is  perceptible 
throughout  the  whole  series.  The  brain  of  every  Quad* 
rumanouH  animal  is  distinguished  from  that  of  Qnad- 
rnpeds  by  certain  well-defined  characters.  Structures 
previously  existing  no  longer  manifest  themselves  ;  while, 
on  the  other  hand,  new  paiis  become  diflereutiated  from 
the  old,  so  as 'to  present  themselves  as  more  or  less  in- 
dependent structures. 

The  structures  existing  in  many  Quadrupeds,  but  noi 
met  with  in  Quudrumana,  are  these  : — 


4 


1.  ! 

2.  1 

3.  Tl. 


1  .rit«ral  Ventricles  into  OHantory  htJhm. 
uoMu.s  •  (or  '  bifpoaimpul  lobefl*)oii Utt^ 

^ '  of  the  MetluUa  Oblongata.** 
'«*  «viU  exU in  lt«  Uowlcr  Monkey. 
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m^ 

t 


p^ 


I         «n 


The  ndditionnl  characters  or   newly-differcntinted  porta 
met  with  aniong  Quadruuianu,  but  absent  in  lower  brutes, 

ay  be  thus  enumerated  : — 

(1.)  The  different iatiou  of  a  distinct  Posteiior  (or 
Occipital')  Lobe  in  each  of  the  Cerebral  Hemispheres, 
containing  in  its  interior  a  *  j)ostorior  horn  *  or  '  coma  '  of 
the  Lateral  Ycntride,  A\hioh  is  marked  by  a  more  or  less 
distinct  projeciiuu  ('  Hip- 
pocampus Minor ')  corre- 
epondinj;  with  a  fissure  ou 
the  inner  surface  of  this 
lol)e.*  The  development  of  ' 
this  Posterior  Lobe  causes 
the  Cerebral  Huniisidieres 
to  extend  so  far  backwards 
as  to  cover  the  greater  part    P'o-ios--ThoBminonhcBrowT»Maauiue 

*  {iftutt^u*  t"uifttiin\'»),pUlv.  view.    F,  FrmiLj 

or   the    whole    of   the    Cere-  L.)bo;  p.  Pnrletnl  U<bo  ;  O,  occliiltal  Lobe ; 
11  f.  Cerebellum.  /,  /,  Groatly  prolongvd  VU- 

""">•  •iireuf  8yl»lii«. 

(2.)  The   appearance   of 
certain  *  primary  '  Cerebral  Fissures,  similarly  disposed  iu 
all  Quadrumana,  and   the  gradual  development  of  other 
*  secondary  '  and  '  tertiary  '  Fiasures — the  whole  scries  of 

epressions  serving  to   divide  the  surfaces  of  the  Hemi- 
herea  into  Lobca  and  Convolutions  according  to  a  new 

nt  constant  and  definite  pattern.  This  differs  notably  from 
the  two  principal  convolutional  patterns  of  Qnadrupeds, 
though  it  agrees  in  all  essential  respects  with  what  ire 
shall   find — tIioii»;b    in   a    more   developed  fonn — in    the 

uman  Brain. 


(8.)  The  existence  of  a   Central   Lobe,   corresponding 
with  the  part  known  in  Man  as  the  *  Island  of  Reil.* 
^^  (4.)  Another  additional  character  is  of  less  importance, 

^^B  *  The  Seal  ie  thn  Onl}'  Quadruped  in  which  a  *  posterior  cornu* 
^^■Icnown  to  exist,  as  a  prolongation  from  each  Lateral  Voutride. 
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aud  does  not  pertain  to  the  brain  in  all  Qnadmiuanft;  it 
exists  only  in  boiuo  of  tUo  LifuhtT  Monkeys  and  Apes. 
It  cansiais  iu  the  replacemcut  of  a  single  protuberance 
(the  '  mammary  ')  existing  at  the  base  of  the  brain  in 
Quadi-upcds  by  two  smaller  projections  ('  Corpora  mamil- 
laria  '  or  '  albicantia '),  sidta  by  side  in  the  same  situation, 
each  of  which  is  produced  by  a  bend  of  one  of  the  '  an- 
terior pillars  '  of  the  Fornix  (p.  273). 

(5.)  A  fifth  character  may  also  here  be  mentionoil; 
thou>^h  this  is  likowiso  not  common  to  the  whole  class. 
Speaking  of  the  Olfactory  Lohca,  Prof.  Flower  says:* — 
"  In  the  largo  mnjority  of  mammals,  the  base  of  these  lobes 
extends  backwards  to  the  under  surface  of  the  temporal 
lobe,  obliterating  the  lower  part  of  the  £ssure  of  Sylvius, 
whereas  in  the  true  Apes  and  in  Man,  tlieir  counesdou 
with  the  Cerebral  Hemisphere  is  chiefly  with  the  anterior 
lobes  and  the  bottom  of  the  fissure  itself." 

The  convolntional  arriiuf^emeut  wo  have  now  to  con- 
sider is  known  as  the  'Transverse  Pattern.'  No  dis- 
tinct transition  forms  arc  knoAvn  between  it  and  either  of 
the  other  two  patterns,  though  Flower  t  soems  inclined 
to  think  that  this  may  hereafter  bo  found  in  Bats  of  larger 
size  than  have  hitherto  been  examined.  In  common 
Bats  the  Cerebrum  is  very  short  and  the  Sylvian  Fissure 
almost  non-existent.  Among  them,iu  fact,  no  species  exists 
of  suflicient  size  to  possess  sulci  on  its  surface.  But  this, 
as  Flower  remarks,  is  not  so  very  surprising  **when  such 
marlungs  arc  almost  absent  iu  the  brain  of  a  true  Primate 
of  even  larger  size  (Hapale).**  For,  in  regard  to  convola- 
tional  development,  the  same  primary  rule  holds  good 
among  Quadrumana  as  with  Quadrupeds,  viz.,  that,  taking 

♦  "  Trans,  of  Zoolog.  Soc  1800,*'  vol.  v.  p.  lOa 
Loo.  cit,  p.  109. 
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representatives  of  the  sarao  genus  or  foruily,  small  forms 
commonly  have  comparatively  smooth  bruins ;  while 
lar»;er  uniraals  present,  in  proportion  to  their  size,  more 
and  more  richly  convoluted  Cerebral  Hemispheres. 

In  some  of  the  Lemurs  the  Cerebral  Hemispheres  are 
so  small  as  not  to  cover  more  thfin  ouc-half  of  the  Cere- 
bellum. There  is,  indeed,  a  kind  of  gap  between  Ihe 
lower  and  the   lowest  Simians— that  is  between  the  old 


Fio.  104. 


Pto.  105, 


Fm.  107. 


Fio.  'iOO. 


Pio.  103. 


Fm.  lOO^ 


Fio.  103. — Drain  of  an  Ayc-ayo,  rme  ot  tlio  Lumura, 

FiR-  K^'BnUnuf  Uio  Marmcuiot  (JfiibiA 

Fio.  ID6.  — nmluof  Uio  &iulrrol  Muukcy  truHiTAW*). 

Fic.  lOfl. — Bnihi  (if  a  Mocnquo. 

Fia.  107.— Bmfnvf  AQlbtMii. 

Fig.  108  — Rr.iliKif  ii  5Ui  tuonUi  n«iinan  Fu*lu«.    (Owen.) 

and  new  world  Apes  and  Monkeys,  uud  ihe  Lemurs. 
"  Every  Lemur  which  has  yet  been  examined,"  says  Prof- 
Huxley,*  *'  has  its  cerebellum  partially  visible  from 
above,  and  its  posterior  lobe,  with  the  contained  posterior 
coruu  and  hippocampus  minor,  more  or  less  rudimen- 
tary. Every  Mftrmoset,  American  monkey,  old  world 
monkey,  Baboon,  or  Man-tiko  ape,  on  the  contrar}%  has 
its  cerebellum  entirely  hidden,  posteriorly,  by  the  cere- 
•  "Man's  Place  in  Nature,"  p.  96. 
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brn!  lol»os,  and  possesses  a  large  posterior   oomu  witli 
a  well  (ievelopeii  hippocampus  minor." 

lu   the  sniftllesL  Lemurs,   the  Hemispheres  ore  quite 
Bmootb,  or,  at  most,  show  traces  of  oue  primary  tissnre — the 

inn'    (fig.  103,  o). 


Even  the  larger  Lemurs 
possess  only  a  few  pri- 
mary fissures. 

In  the  diminutive  but 
active  Marmoset  (fig. 
104),  the  Cerebral  Hemi- 
spheres are  relatively 
larger,  so  that  thej  com- 
pletely cover  and  even 
sli2;htly  overlap  the  pos- 
terior border  of  the  Cere- 
bellum. They  are,  how- 
even  quite  smooth  and 
wholly  devoid  of  convola 

p,o.   lOp— nnin  of  the  Fl^wJor  Monkey  (My*     •  r\    ^  c 

tttfs),  socu  fntm  uImvu.   (Ouiiciui.)  L,  Lungitu-  tlOUS.       Ouly  One    fisSUre 

dinoi  Ki-aun.;  K.  Fb-mr« oi  syjvi^.  j^  Bcen— the  '  Sylvian'— 

forming  the  boundary  line  between  parts  which  will  subse- 
quently be  spoken  of  as  the  Ptirietal  and  the  Temiwriil 
Lobes.*  In  the  Squirrol  Monkey,  another  small  allied 
form  also  notable  for  its  extremely  active  habits,  a  fissord^H 
below  nnd  behind  the  Syhnan  is  added — known  as  tbe^^ 
*  parallel  lirtHuro  *  {tv^.  105, 1').  This  runs  along  the  centre 
of  the  Temporal  Lobe,  and  backwards  towards  the  upper 
and  inner  cdj^e  of  tho  Hemisphere.  Roth  these  fissures 
are  less  vertical  and  slope  backwards  more  than  the  corre- 

•  The  names  of  the«e  lobes  of  the  Brain  are  derived  from  ihoafi 
of  the  boDes  of  the  skull  against  which  they  lie.  The  two  lobei 
above  nnined  together  constitntc  what  was  formerly  principally  i 
Bpokcn  of  as  the  *  Middlu  Lobo.* 
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spondiDg  fissares  in  any  Lcranr  (fig.  103)  in  which  they 

are  present. 

The    Howler,   like    the    Marmoset  and  the    Squirrel 

Monkey,  is  a  New  World  form.     The  former,  in   fact, 

is  the  lor^est  of  the 

Beries,  and  is  nsnally 

BOpposed    to   belong 

to  the  highest  gronp 

of   these    American 

Monkeys.    Its  brain, 

towever,  is  very 
I     poorly  developed  (fig. 

109),  and,  consider- 
^ing  its  size,  possesses 
^■p[«ry  few  surface 
^Haarkinc^s.  It  is  re- 
^■larkable  cbicily  for 

the  very  small  size  of 

the  Occipital,  and  the     fio.  no-Brain  oi  tj»c  wnncit^ey  (Criw/«rt«M 

inu  ueveiopmeni  oi  tj^i.  ^0*10, occipuai  uu*.   l, ijr«it  i/n»irii«"Hn/U 

PiMiirv  ;  U.  Hnnureuf  IltUkiMki ;  V,  F.xUnuil  Peqicii- 
dicohir  Hwrnro  ;  K.  Opon-iilum.  A,  A,  A^tccndiiiK 
Pnmtal :  n',  o'.  a>,  l-lnt,  S<H-oti4.  and  Tliinl  Tlcni  i»f 


the  Temporal  LoboH. 
In    connection   with 
I ^the  very  small  Occi-  t'rumai  convoiuuonji.  b,  a.  A««m^^^^^ 

1^^^  '^  Ifl.  Pint  ftnd  Htjcond  Tuni  of  Puricta]  ( otivbhitlon". 

^Bital  Lobes,  Flower  *  o>.  'P,  nnt  nnd  SoooomI  Hon  ut  occipital  CuhtoIu- 

^Kas  notod  an  almost 


0>.  iP,  Vint  nnd  tiooosd  Hon 

tiollK. 

(Thl*  *iniitlc  nomcnL-Uture  for  the  ConTDlittlon*  t« 

tmplete    absence    of  *'^*'  "'  '^  WAgiver,   oxrepllns  IhU  a.   and  B.  vn 

.        __  .  -  _         Tunned  by  him  Aiitfliinr  »nil  Po«turinr  Ccntml  Cou- 

tne  nxtemal  and  Jn-   T«luUcm«.    l  hough  U  li»  ■  lcnnlm>I(vy  wJilch  ta  I»y 

l*frnal  Perpendicular  ""  "!<?»«»  witinmt  morit,  it  hu  nui  iwcn  oiuimoniy 
iasures.    The  brain 

the  Howler  Monkey  is  also  remarkable  for  the  extreme 
mckward  extension  of  ibo  Sylvian  Fisanres  (f,  r).  each  of 

Eiost  reaches  the  upper  and  inner  b<>rder  of  its 
ling  hemisphere. 


^Fii 
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lu  the  Ciipacliius,  among  the  Dew  world  Monkeys,  ns  well 
as  iu  the  old  world  '  Dog-like '  forms,  viz.,  the  Baboonsi 
Macaques,  aud  Moukeys  proper,  together  with  the  Gib* 
bous  (which  are  usually  regarded  as  the  lowest  of  the  '  Man- 
like* Apes),  the  Fissures  and  Convolutions  become  mora 
numerous,  whilst  the  Cerebral  Hi'itiisphcrea  are  larger,  SO 
that  thoy  now  uniformly  cover  the  whole  of  the  Cerebellum. 
A  good  notion  of  the  mode  of  distribution  of  the  Fissures 
on  the  outer  surface  of  the  Hemispheres  may  bo  gathered 
from  iho  ouUinc  diugrammatic  sketches  of  these  parts  i 

the   Macaque  and 
^        ^  ^  the   Gibbon    (figa. 

10G»  107) ;  esped- 
ullyif  they  arc  com* 
pared  \Nith  corre- 
Bponding  sketches 
of  the  much  sim- 
pler brains  of  the 
Marmoset  aud  the 
Si]  uirrel  Monkey 
(ligs.  104,  105). 

In  the  brain  of 
the     Mangabey 

of  lbertforooeoRiucthes«iii«u«furfl«  110.  8.  Syivltui  V"^*  ilU»  lAi)i 
Kl»iiiro.  T.  TcmpcinU  I^l-a.  t\  r',  c^,  First,  Booutid,  aud  ^jj^J  also  ill  that 
Tbinl  Tier*  of  ToniiK>n»l  LoriTjIutlom. 

of  Ihe     \Vanderoo 
(figs.  112, 113),  which  is  very  similar,  the  principal  primar/j 
fissures  of  the  Cerebral  Hemispheres,  and  therefore  tb< 
included  portions  or  Lobes,  are  quite  distinct.     Thus  B,| 
represents  the  *  fissure  of  Rolando '  which  separates  thi 
Frontal  from  the  Parietal  Lobe;  8,  is  the  *tissnrc  of  Sylvias,! 
constituting  the  upper  boundary  of  the  Temporal  Lobfl/ 
and  separating  it  from  the  Parietal  * ;  v,  is  tho  vortical  or' 
'perpendicular  fissure*  which  is  obvioas  ou  the  imicr  as 
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>11  as  tbe  ontor  Burfnce  of  tlio  hcmispborp.  und  serves 
mark    oQ*  the  Occipital  Lobe.     Auolber   well-iuarked 
ilcuB,    knowu   as 

'  parallel    fia-  ^ 

Biiro,*    runs   along 
the  outor  face  of  tlio 
'emporal  Lobe. 
ICudimcntary 
involution  B  show 
lemselvea  on  tbe 
routal      Lobe, 
rhich   is  bounded 
►Rteriorly     by     a 
rell- marked    'as- 
iding     convolu- 
»n'  (a,  a).     An- 
icr    convolution, 
lually  distinct  (d, 
i),  forma  tbe  an- 
terior boundary  of  the  Parietal  Lobe 
tbongh     larf^e,     is 
still     almost     free 
from   any  trace  of 
convolutions,     and  ^ 
its  anterior  liorder 
(k)  18  qaito  distinct. 
This  anterior  bor- 
der— or    *  Opercu- 
lum,'  as  it  bus  boeu 
termed — has   been 
cut   away    in     fit,',  j* 

113.    so  as  to  show      Pm.  i  is -Brain  of  tho  WAndcroo,  nWe  Tie*.    (Vu|fL) 

tt  small  convolution  R-'«""*-«'^*"«e  m. 

marked  (x),  known  as  one  of  the  'bridging  convolutions/ 


Pia.  lit  -Drain  ot  tbo  Wnn<-<cr>(i  {Mifffrm*  ulinua\ 
up|»cr  iWlMHTt.    <Vogl.)     Huf tTuui on  hh  in  tig.  110. 


The  Occipital  Lobe, 


S94 


THE    DRAIN    OF  QrADRCVANA. 


These  latter  fulds  become  farther  developed  in  the  Oimaj 
and  Blill  more  bo  in  Man. 

In  the  Baboon,  the  OoorolatioDs^  as  maj  be  seen  from 
fig.  Ill,  are  pretty  distiucUy  defined  on  the  Frontal  and 
Parietal  Lobes,  and  ther  are  also  more  dlstitiet  od  the 
Occipital  than  tbey  baTc  been  in  either  of  the  forms 
previooslj  mentioned.  The  Frontal  Lobes,  too,  are  fuller 
and  lass  pointed  than  they  are  in  lower  terms  of  the  series. 


We  may  now  pass  to  a  brief  consideration  of  tlie  Hratn 

in  the  highest  representa- 
tives of  the  Qaodmmana  at 
present  existing,  viz.,  the 
three,  ^cat  •  mao-likc' 
Apes — the  Chimpausee,  the 
Gorilla,  and  the  Orang. 

No  differences  in  the 
brain  characters  of  these 
animals  have  been  found 
sufficiently  marked  in 
amount  or  in  nature  to 
enable  as  to  say  that  one 
of  them  is  very  nnmistak- 
ably  hi;;her  than  the  others. 

Tir.,   Hi.-  Brain  of  tbc  D«>>w.n  {Cfkort-         "^  j-      •  •   i      i 

piMiiu  7x1^0).  up)>cr  Ni^vvt  (Vmiik.  after  Somo    distinguished    ana> 

Leurot)    Cumpand  by  Uuret  Co  the  Bnun  x         •   1  rliorvwiMl      in 

of  •  Buouartettuof  <^Ta.nioQU..in  nrgmM  ^<^ro»8i3  are  (usposea  to 
tQ  tta  cvDwtitUonai  dwviupmcut  F,  Froatai  think  that  the  brain  {hav- 

Lobo ;  O.  Oodpitel  Lube.  -  1  x     ^1.  ^    ^   1 

ing  regard  to  the  snm  total 

of  its  oburacterst  of  the  Chimpanzee  is  the  simplest,  and 
that  of  the  Oranjf  the  most  hif;hly  developed.  Others,  how 
ever,  give  the  first  place  to  that  of  the  Gorilla. 

Tho  brain  of  a  Clninpanzee  was  carefully  described  and 
figured  in  18G1  by  Prof.  Marshall.*     The  animal  wi 
«  "Nat.  Uist  Eoview."  roL  l  n.  2P«, 


r 
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an  udulb.  It  was  lM>tb  youug  ntid  buiuU  ;  its  height  bein;^ 
2  ft.  4  in,,  its  weight  16}  lbs.,  whilst  the  weight  of  its 
bruin  was  14  ozh.  The  pruporLion  uf  its  brain-woigbt  to 
its  body- weight  was  tht-refore  1:19, 

The  brain  of  au  Oruug  als(i  uaH  been  described  with 
great  care  aud  minatenesa  by  Prof.  RoUestou.*  It  wag 
taken  from  a  younj?  inale»  weighing  10}  lbs.,  whose  height 
was  2  ft.  7  in.  As  the  weight  of  the  brain  was  12  ox., 
its  weight  compared  with  that  of  the  body  was  1  :  22*3. 

Our  knowledge  of  the  brain  of  the  Gorilla  is  still  very  im- 
perfect ;  as  of  the  three  specimens  which  have,  as  yet,  been 
examined,  one  was  in  a  very  poor  condition,!  and  the  two 
others  were  taken  from  very  dissimilar  animals — the  (me, 
examined  by  Broca,  being  an  adult  male,]  and  the  other  a 
young  specimen,  only  six  months  oId.§  Hroca  suspects, 
moreover,  that  there  may  be  two  species  of  Gorilla,  instead 
of  one  as  hitherto  supposed;  and,  while  admitting  that 
the  bniin  of  the  Oraiig  presents  a  slightly  higher  type  than 
that  of  the  other  two,  he  considers  the  brain  of  the  Gorilla 
to  be  on  the  whole  simpler  than  that  of  the  Chimpanzee. 

The  Cerebral  Hemispheres  in  the  Chimpanzee  were 
much  smaller  in  proportion  to  the  size  of  the  Cerebellum 
than  they  are  in  the  human  Brain,  They,  however, 
slightly  overlapped  the  Cerebellum,  aud  this  organ  was 
flutter  and  wider  than  it  is  in  Man. 

Looked  at  from  al>ove  (fig.  115)  the  Chimpanzee*a 
brain  has  a  short,  wide,  ovoid  form,  though  in  the  lower 
races  of  Man  it  has  a  long,  ovoid  outline.     Seen  in  profile, 

*  "  Nat.  History  Iteviow,"  18«1.  p.  201. 

f  That  of  aa  adult  (emaXe,  examined  by  Gratinlet,  in  18G0. 

t  "  Etude  Bur  le  Cerveuu  du  Gorille,"  i^nu-  d' Authrupologie^ 
1878. 

§  This  was  examined  by  Drs.  Boluu  and  Pansch,  and  their 
IftCcoant  WU8  made  the  snbjecb  of  some  interesting  commenU  by 
ProC  G.  D.  Thune  ("  Nature/'  December  H,  187(i). 


296 


TUE    BRAIN    OP   QDADHUMANA, 


the  FrODtfll  Lobes  are  short  and  shallow,  thoufrh  as  a  whole 
its  upper  ontlino  is  decidedly  convex.  The  lower  and 
hinder  boundary  of  the  Cerebral  Hemisphere,  when  com- 
pared with  the  coiTospondiu^  rerfion  in  Man,  is  notable  foi 
its  concavity  and  slantiuj*  dirt-ction  from  behind  forwards. 
This  is  due  to  the  marked  shallowness  of  the  Occipital, 


re 


Pio.  11A.— Ilraln  of  tbo  CbiiupAiuioc.  apiv  Aspect,  with  itppor  put  ri  Rl^t 
Bmulaiiliure  out  nwuy  wj  u  to  oxpuao  LAtct«l  Vfltttrtcle.  (Vii^ft,  aTter  yar«lutllj 
Letteni  nf  reference  tar  Loft  BctnUphera  similnr  Ui  tboiw  nf  tig.  110.  r«,  Corvusj 
Btrindim,  Iq  Uj«  nnterinr  airnii  of  tbo  Voutricle  ;  e  >■,  nipporniiipiis  Uajut.  in 
doKondiiis  coniu  ;  A  tn,  H ijiiKMAiiipiu  Mlnur.  in  Ihc  (uflUuiur  uumu 

Lobes  in  the  Chimpanzee — those  divisions  of  the  Brain 
bf'in^  wide  hut  not  deep.  The  same  peculiarity  is  to  be 
seen  in  thti  bmiu  of  the  Oranff  (ii^.  121). 

The  Frontal  Lobes  in  the  Oranj;  have  a  recurved  beak- 
like termiuatiou  (seen  also  in  %.  121} ;  and  if  wo  turn  th^ 
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organ  over  ro  as  to  examine  its  baso,  the  orbital  or  under 
surface  of  tliese  lol)es  is  fouml  to  bo  distinctly  concave,  as  it 
is  in  most  of  the  Ur^cr  Monkeys  and  Apes.  Just  behind 
tbeBe  parts,  the  lower  termiualions  of  the  two  Temporal 


CO., 


(' 

Pio.  llfi.— Brain  of  .*  flMtnan  Idiot  (Vog*.  after  Tlicllo.)  Tlilii  hrnln.  cxamfnwt 
by  TboUo,  wriKhc't  only  \n<i  «c.  (30ii  ^mtnmo*).  Wilh  the  oxcopUun  uf  uua,  h  U  tlio 
•nuiUetl  Male  Idlnf*  Ontln  wboM!  cbamctora  biiro  been  rut-ortit:'!. 

ThliflgMrolMpliu^eil  liom  for  comfuuiiim  with  tlijit  of  Ujo  bnUu  Of  Uio  ChiHiiwuMe ; 
tb«  leU«n  of  raforonca  tMlng  tho  Bamo  lu  oacb  of  thuni. 

Lobes  approach  rather  close  to  one  another  (fif(.  118),  and 
between  lliom  are  two  'Corpora  albicantin,*  as  in  Man. 

The  Sylvian  Fissure  in  the  Chinipan/x'o  us  well  as  in 
the  Gorilla  (fijr.  117).  and  tho  Oran^  (lig-  I'il),  is  much 
less  horizontal  than  it  is  in  Man.     lu  this  respect  it  pretty 
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closely  resembles  the  dispositiou  met  with  in  the  brain  of 
tbo  Man»;aboy,  the  Wauderoo,  find  other  of  the  '  Dor- 
like'  Apes  (figs.  Ill,  113),  Its  direction  more  ucarly 
approaches  the  horizontal  in  the  Oorilla  than  in  the  other 
two. 

^^  The  Fissure  of  Rolando  is  very  diBtinct  in  the  Chim- 

^B        panzee,  though  its  upper  extremity  is  Ritnated  in  front  of 
^H       Uie  middle  of  the  brain,  instead  of  being  more  docidediy 


Pw    tit.— Drain  of  tits  Gorflln,  AlilL- vlrw.     (Alter  R>iliin  uiul  ratvch.)    I, 
1nbo:  II,  PifHiiro  vt  RoUndo;  III.  pAricUl  lobe.  IV,  T«U|ionl  lubo.    G.  OiralMlluin  ; 
ft,  FiAMtiru  cif  tijlriiu;  if,  Extcnwl  Ferpeodiculur  FlMuro  MpnnUuff  ParlMal  fnm 

Occl|4ul  IaLc. 

brhiud  it  its  iu  Man.  According  to  Miirsliall,  a  little  more 
thuu  one-third  of  the  snrface  of  the  Cerebrum  Lies  in 
front  of  the  Fissures  of  Sylvius  in  the  Cbimpnn7ro,  insk-nd 
of  nearly  one-half  as  in  Man.  In  Uie  Ortn;;  the  propor- 
tionate size  of  the  Frontal  Lolics  is  stnclly  intermediate. 
In  the  Orantr,  too,  ibe  Fissure  of  Rolando  (iig.  121)  ia 
vei-y  struufjly  bent  upon  itself— almost  nt  risjht  angles— so 
that  its  lower  extremity,  iust^iud  of  beiu*;  in  advance  of  the 


IP.  XVri]        THE    BRAIX    OF    qUADRUMANA. 


299 


0^ 


anterior  extremity  of  the  Temporal  LoLe,  as  it  is  in  the 
orilla  (lig.  117),  is  more  noarly  opposite  the  luitldle  of 
e  Sylvian  Fissure.  This  peculiar  disposition  of  the 
ssnre  of  Roluudo  in  tlie  Orang  coincideH  ^vith  u  j»reater 
comparative  development  of  the  lower  (or  third)  tier  of 
*  frontal  convolutions/  and  with  a  notablo  falling  off  in  the 
size  of  the  lower  half  of  the  '  ascendinp;  parietal*  con- 
volution. On  the  other  hand,  the  diaposiLioD  met  with 
in  tho  Gorilla  seems  to 
be  due  principally  to  tlte 
greater  development  in 
it  of  the  lower  part  of 
the  parietal  re^on  of  the 
Hemispheres.  Thus,  the 
great  size  of  the  *  supru- 
marginal  lobule*  and  of 
the  lower  part  of  the  *  as- 
cending parietal*  convo- 
lotion,  seems  to  cause 
the  lower  hidf  of  the 
tiRsnre  of  Rolando  to  be 
pushed  decidedly  for- 
wards. These  peculiari- 
ties ,do  not  ap]>ear  to  Vm  HB.— Brain  Mf  Ommr.  view  of  Unao  "f 
,  ,  •  1      uiiHer  Wpcct.    (Owcti.  u/tcr  Tie<louiunuJ   Corn- 

have     been     previously  ^^^ ^^^^  ^^^ ^j  ji^,,^  Bnun  m«.  i«. 

(noticed  by  anatomists. 
\  The  External  Perpendicular  Fissure  is  particularly 
well  marke<l  in  the  Chimpanzee  (t^^^  115),  ilion^'h  it  is 
seldom  distinctly  visible  in  the  human  brain.  In  the 
Chimpanzee  it  is  not  crossed  by  any  superficial  *  bridging 
ronvolutionfi,*  so  tliat  its  posterior  bordor  (or  '  Operculum  * 
it  is  called  in  lower  foims  of  Quu'drumana)  is  uiiinter- 
pted.  This  fissure  is  continued  on  the  inner  side  of  the 
brain  as  the  'Internal  Perpendicular  Fissure'  (fig.  V10,fp), 
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lu  the  Gorilla  also,  the  External  Perpendicular  FiBsure 
(li^.  117,  «  c)  is  very  distinct  and  loii^,  its  binder  iniirgin 
(0|iei'culum)  being  convex  anteriorly,  and  somewbat  more 
sinuous  than  it  is  in  the  Cliimpauzee.  The  first  '  bridging 
couvolutiou'  emerges  from  beneath  it  above.  But  in  the 
Orang  this  Perpendicular  Fissure  is  sometimes  much 
shorter  and  less  obvious  (fig.  119)  than  it  is  in  either 
the  other  two  great  Apes,  so  that  in  this  respect  its  brail 
approaches  more  closely  to  that  of  Man.     It  is  sometimi 

iuterrupted  above  bj 
an    upper    *  bridgii 
convolution '       whid 
has  a  superficial  poi 
tion  of   this   kind  in' 
no  other  of  the  ijuad-, 
rumaiia,     except 
Ateles. 

According  to  Bolli 
ston    this   superficii 
position  of  the  upper' 
or  first '  bridging  con- 
volution *  is  not  COD* 
slant  in  the  Orang  or 

Fm.  U^-Pniin  of  Orany.  upper  iWTWct.  (Ihincan.  eVCU  in  Man — '\vhile 
from  Rppcitiicn  (it  Miocum  of  Ituynl  Ovlloga  of  Bwr-  ;„  lir.fh  »♦  wnav  a* 
BOon^)    F.rMitiU  Lube:  O.OcoipiUl  Lobe.  *V  ^ 

times  be  present  on 
one  side  and  absent  on  the  other.  He  adds: — *'  In  the 
higher  species  of  tltc  order  Apes,  as  in  the  higher  variotiea 
of  the  species  Man,  we  find  vannbility  the  rule,  uniformity 
the  exception ;  in  the  lower  species,  as  in  the  lower  varie- 
ties of  Man,  the  reverse  condition  obtains." 

The  second  *  bridging  convolution '  which  is  alwnii*8 
present,  HUperficiul  and  easily  recognizable  in  Man,  is  sail 
to  bo  as  invariably  absent  in  tho  Chimpansoe  and 
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Oraiig,  and  it  was  also  absent  iu  the  young  Hamburg 
Gorilla. 

The  lliree  principal  Fissures  already  referred  to,  viz., 
tiie  Sylvian,  that  of  Rolando,  and  the  External  Perpen- 
dicular, divide  the  outer  surface  of  the  Hemisphere  into 
four  Lobes,  in  the  manner  already  described  (p.  292)  ; 
and  though  their  rehitivG  size  is  very  diflerent  in  the  several 
creatures  iu  which  ihey  exibt,  theut)  Lobes  may  be  considered 


to  represent  strictly  homologous  parts  in  inferior  Monkeys, 
iu  higher  Apes,  and  ulao  in  the  Brain  of  Miui. 

Concealed  by  the  lips  of  the  Sylvian  fiBsure,  and  form- 
ing part  of  its  floor,  we  may  find  the  small  Central  Lobe, 
commonly  known  us  the  'Island  of  ReiK'  TLifi  part  be- 
comes well  marked  and  even  complex  in  Miui,  nnd,  accord- 
ing to  Flower,"  is  traceable,  except  in  the  diminutive 
Marmoset,  throughout  the  Quudrumanous  series,  though 
it  is  absent  in  all  other  Mammalia. 

*  "Trana.  of  Zoolog.  Soc,  18G0,"  vol.  t.  p.  108. 
U 


^a    uiuii  I — izTT — uxit    njTTn    i\jt  ijin,    yiji. 


vitv:;  X  »■ 


Bituatcd  parallel  with,  and  posterior  to,  the  1 
vius,  in  the  long  axis  of  the  Temporal  Lobe 
marfjlu'il  Fissure  on  the  inner  eitle  of  th< 
(fig.  1'20),  just  above  the  Corpus  Callosnm  ;  ai 
of  tht  Hippocampus,  situated  near  the  janctic 


Fio.  121.—  Dratn  uf  Oring.  rMo  view.   iVogt,  ftfter  Omtiolat.)  J 
u  [u  fig*.  Ill,  UJ,  iin<]  iti— witL  wbldi  eompftro.  t 

with  the  under  surface  of  the  posterior  half  j 


..1 /C 


10A      ^L^J_ 
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sphere  that  are  most  characteristic  of  the  Primtttes,  ami 
ofter  the  most  striking  diflereutial  features  from  other 
Mammalia."  The  posterior  part  of  the  '  Hippocampnl 
Fissure,'  named  *  Calcarine  '  Ly  ITtixlcy  (fi^^.  V20,  J\  c), 
is  peculiar  to  Man  and  the  Quadrumaua.  It  sometimes 
persists  deeply  marked  in  the  lowest  forms,  when  every 
other  trace  of  a  fissure  except  the  Sylvian  has  disappeared. 
The  Sylvian,  however,  is  fonnd  in  lower  Mammals,  and 
the  '  Cal  lose- Marginal/  which  is  nsuBlly  very  distinct 
among  Qiiadrumnna  (fig.  1*20.  ».  cm)^  seems  also  to  exist 
in  the  great  majority  of  Mammals. 

The  part  of  the  outer  face  of  the  Hemisphere  known  in 
Man  as  the  '  Snpra-Mar|:,nnal  Lobule'  (figs.  133, 142,  h^  Ir^), 
existing  above  tlic  posterior  end  of  the  fissure  of  Sylvius, 
Was  said  by  Gratiolet  to  be  invariably  absent,  in  the  great 
'  man-like*  Apes.  Hut,  according  to  Prof.  RoUeston,*  '*  the 
development  of  this  part  is  very  frequently  asymmetrical 
on  the  two  sides  of  the  same  brain,  and  its  development 
in  any  two  human  brains,  taken  at  hnp-hazard,  is  pretty 
Bare  to  present  the  greatest  differences."  It  would  seem, 
moreover,  that  a  simple  representative  of  this  structure  is 
unquestionably  to  be  found  in  the  Chimpanzee,  that  it  is 
better  developed  in  the  Orang  (fig.  121,  L',  and  posterior 
thereto),  and  that  it  is  larger  still  in  the  Gorilla  (fig.  117): 
BO  that  the  supposition  as  to  its  absence  in  these  creatures 
was  a  mistake,  and  wo  certainly  have  not  in  this  direction, 
as  Gratiolet  thought,  a  diffurentiating  mark  between  the 
brain  of  the  great  Apes  and  that  of  Man. 

The  several  Convolutions  will  not  now  he  further  referred 

,  hut  the  names  of  many  of  them  may  be  ascertained 

y  a   careful    stijdy  of    figs,    115—1^1.      Although   the 

and  numbt-rs  affixed  to  corresponding  parts  in  these 

'.  representations  of  the  brain  of  the  Chimpanzee, 

♦  Loc  cit.  p.  212. 


No  great  difference  exists  betvreen  these 
regard  to  the  Internal  Topography  of  their 
as  it  is  known.     The  following  particula 
main  to  that  of  the  Chimpanzee  (tig.  115). 

The  Corpus  CalloKuni  is  shorter  and  t 
Man,  and  Prof.  Marshall  concludes  that,  in 
the  size  of  tlie  brain,  its  bulk  is  twice  as 
it  is  in  the  Chimpanzee.     The  Anterior 
proportionally  large,  and  bo  is  the  soft  or 
missarc.     The  Posterior  Commissure,  ho 
The    Fornix  is   thin,  and  the    '  tenia    sc 
just   discernible    as  a  thin  white   band   lyi 
line  of  junction   between  the  Thalamus  and 
Striatum,   and  joining  the   pillars    of   the 
teriorly. 

The  Lateral  Ventricles  are  rather  large,  \ 
Coruua  are  quite  distinct.  The  central  pa 
the  body  of  the  ventricle,  corresponds  with 
lo1)e  externally;  its  anterior  eoruu  is  pt 
the  frontal  lobe ;  its  descending  cornu  trave 
poral  lobe,  and  its  posterior  comu  extends 
pital  lobe.  On  the  inner  side  of  the  desccn 
the  projection  (6g,  115,  c  a),  known  as  the  * 
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nnolher  small  projection  (*  emineiitia   coUatcralis  '),  •which 
is  also  recognizable  in  Man. 

Of  the  Coqwpa  Quadrigemina  the  anterior  pair  are  the 
larger,  thouf^h  they  are  somewhat  less  prominent  than  the 
other  couple.     The  Pineal  Ko<l)'  is  rather  large  and  soft. 


In  its  general  shape  the  inferiority  of  the  brain  of  the 
Chimpanzee,  as  compared  with  that  of  Man,  is  most 
marked  in  the  direction  of  vertical  height ;  in  the  rela- 
tively small  dimensions  of  its  frontal  lobes ;  and  in  the 
Bimilarly  small  relative  bulk  of  its  occipilal  lubes.. 

llie  outline  of  the  brain  of  the  Gorilla,  as  seen  from 
abovci  is  that  of  a  broad  ovoid,  though  it  is  not  fo  broad 
ts  that  of  the  Chimpanzee.  Its  anterior  lobes  are  wide, 
rather  shallow,  but  long,  more  so  even  than  in  the  Orang — 
tliongh  the  latter  exhibits  a  greater  complexity  of  its  con- 
volutions. In  vertical  heiglit,  too,  its  Hcmih]>here8  seem  de- 
cidedly superior  to  those  of  the  Chimpanzee  and  the  Orang ; 
hut  its  posterior  or  occipital  lobes  are  distinctly  smaller  and 
shorter  than  they  are  in  either  of  the  other  two  *  man-like' 
Apes.  The  parietal  lobes  of  the  Gorilla  are  notable  for 
their  great  size  both  in  width  and  depth,  while  the  cou- 
Tolutions  of  this  region  are  well  delinedj  and  decidudly 
more  developed  than  in  other  parts  of  the  brain.  Its 
*  supra-marginal  lobule '  especially,  is  larger  and  better 
deliDed  than  it  is  in  either  of  the  other  'mau-Iike'  Apes. 
The  temporal  lobes  are  comparatively  smaller,  while  their 
convolutions  arc  simple,  though  not  very  Bymmctrical  on 
the  two  sides. 

Owing  to  the  greater  narrowness  of  its  anterior  lobes, 
the  outline  of  the  bruin  of  the  Orang,  as  seen  from  above, 
is  not  nearly  so  rounded  as  it  is  in  the  Chimpanzee,  and 
it  18  also  rather  narrower  than  that  of  the  Gorilla.  The 
auterior  lobes  are  somewhat  delicienl  in  length  and  depth, 


Hemispbcrcs  is  notably  more  oblique  tban 
owing  principally  to  the  fimall  size  and  sliall 
occipital  lobes.     In   tliis  latter  respect,  as 
generally  deticionl  depth  of  the  Henusphero 
Mith  those  of  Man,  the  CbimpanzGe  and  i 
closely  allied. 

Ou  the  whole,  it  wonJd  appear  that  the  C4 
the  Gorilla's  brain  are  slifjhtly  more  stibdivi< 
plex  thnn  those  of  the  Chimpanzee  ;   thouRh  i 
ihii  brain  of  tho  Oran<^   is,   to  about   the 
superior  to  that  of  the  Gorilla.    As  regard 
exiict  symmetry  of  many  of  tho  corresponding 
of  the  two  Cerebral  Hemispheres,  that  of  tl 
a])proaehes  most  closely  to  the  still  more  i| 
metrical  condition  of  the  brain  of  Man.        i 

,      .  II 

*  Thi«  direction  in  very  well  seen  iu  the  Ggo 

BoUeston  (loc.  cit.,  pi.  3,  fig.  1),  though  it  i&  no 

of  Gmtiolct  (see  fig.  121  in  text). 


CHATTER  XVin. 


MKNTAL   CA.PACITrES   AND   POWERS  OF  HIGHER  BRUTES. 


a  preWous  chapter  some  account  has  been  given  of 
tbo  instiuetive  and  occasional  actions  of  the  higher  Social 
Insects,  with  the  elTect  of  disclosinjij  the  extremely  routine 
nature  of  their  operations;  these  being  carried  ou  nndor 

Iilie  guidnueo  perhaps  of  one,  and  rarely  of  more  than  two, 
yeally  potential  Sense  Eiulovvmeuts.  The  power  showTi  by 
ihese  orpanisms  of  adaptinjLj  their  actions  to  new  condi- 
tions with  which  they  were  brought  face  to  face,  was  found 
io  be  very  sliglit  and  ahnost  wanting. 
f  Reference  has  also  been  made  to  the  instincts  of  Birds, 
lo  the  wider  range  of  menial  phenomena  displayed  by 
these  animals,  as  well  aa  to  their  greater  power  of  adapt- 
ing their  actions  to  the  exigencies  of  new  conditions. 
The  nervous  system  of  Birds  is,  however,  much  more 
liighly  developed  than  that  of  Insects,  as  is  evidenced 
more  especially  by  their  possession  of  large  Cerebral  Lohea 
for  tbo  correlation  of  Bensorial  impressions.  Birds  are, 
moreover,  commonly  guided  by  three  highly  acute  Sense 
Endowments  instead  of  two,  in  aJditiou  to  others  of  minor 
importance. 

Our  consideration  of  the  actions  of  Birds  aflurded  good 
warrant  for  the  inference  that  in  them  the  germs,  or  some- 
times ratlier  more  than  the  germs,  of  higher  mental 
lanifestations  may  become  nascent  in  the  form  of  rudi- 


L 


of  the  Brain  in  Qniidrnpcds  and  Quadrunr 
very*  marked  increaso  iu  llie  relative  size  a 
of  the  Cerebral  Hemispheres  in  each  of  thcs* 
And  though  no  distinct  serial  order  is  to 
must  he  oliviouH  from  the  preceding  des 
figures,  that  the  brain  of  the  higher  Apes  pi 
B8  great  an  advance  in  relative  size  and  co 
that  of  the  higher  Qiindrupcdp,  as  that  which 
the  brain  of  these  latter  snimiils  in  compar 
brain  of  Birds. 

It  remains,  therefore,  briefl;^-  to  consider 
the  mental  life  of  Quadrupeds  and  Qiiadrum 
parisoD  with  that  of  Birds.  The  materials  fol 
judgment  upon  tLia  point  must  still  be  of  tKJ 
us  they  were  in  the  case  of  animals  lower  voi 
organization.  We  can  only  study  their  aHJ 
records  which  hare  been  given  of  them,  strif 
prct  them  in  the  manner  previously  iudicatej 
the  reflected  light  derived  from  our  knowledi 
intelligence  ond  human  actions — and  yet 
from  the  mere  humau  point  of  view. 

It  is  worth  while  here  to  take  note 
the   most    intelligent   Quadrupeds — and   mflj 
Eli;phiinls^ — have  the  advantage  of  bringing' 
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intoUectualscnee  of  Touch  becomes  moro  and  more  called 
iuto  play,  as  it  is  with  humou  boiiigs. 

In  Chapter  XIT.  it  has  been  shown  that  Intelligence 
or  ItenHon,  as  well  as  Emotion,  have  their  roots  in,  and 
cannot  be  separated  from,  Sensorial  Activitj  j  and  it  has 
also  been  shown  (pp.  187-191)  that  the  sensorial  endow- 
ments and  mental  attainments,  such  as  tlioy  are,  of  all 
aniiitals  whatsoever  tend  to  be  transmitted  in  a  constant 
and  truly  mar\'ollous  manner  to  their  offspring. 

The  question  of  the  number  and  the  excellence  of  the 
Sense  Endowments  of  particular  kinds  of  animals  is,  there- 
fyre,  of  considerable  importance  in  relation  to  the  degree 
of  their  Jiitelligonce.  Each  practically  new  addition  or 
greatly  developed  activity  of  this  kind,  in  animals  whose 
iutelligenoo  is  so  far  developed  as  to  be  obvious  and 
indubitable,  cannot  fail  to  give  additional  breadth  and 
strength  to  their  mental  operations — to  say  nothing  of  the 
new  special  knowledge,  resulting  from  its  exercise,  as  to 
the  qualities  of  the  outer  world  of  things  by  which  such 
organisms  are  surrounded. 

Graduully  altering  race  experiences,  if  persistent  enough, 
are  certain  to  leave  their  marks  in  the  form  of  minute  struc- 
tural modifications  of  the  Nervous  System — and  these, 
if  not  actnully  recognizable  in  themselves,  reveal  thora- 
selvea  by  their  effects — that  is,  by  the  manifestation  on  the 
part  of  such  animals  of  new  or  altered  susceptibilities  to 
Impressions  from  external  things  or  occurrences.  It  is  a 
familiar  fact  that  disuse  blunts  the  sensorial  powers  of 
individual  animals,  wliile  nse  and  exercise  tend  to  sharpen 
thcra.  We  can  easily  imagme,  therefore,  what  potent 
modliiei's  *  use '  and  *  disuse '  may  be  when  they  bear  respec- 
IktiTcly  upon  the  same  Sense  Eudowments  for  generation 
after  generation  of  some  particular  kind  of  animal. 

InaHmuch  as  nothing  like  a  single  serial  progression  ia 


the  sbapo  of  fossil  relics,  so  nothing 
projjreasion  is  to  be  looked  for.     Wba 
orgnnization  of  an  ftniraal  may  be,  we  h 
tbc  nature  of  its  menial  processes  an 
much  to   its  present  sensorial  or^'auix 
ments.     It    is    true,    however,    that   th 
anci.'stral  forms  will  have  had  nuich  to 
and  back<(round  of  the  creature's  Men 
in  special  and  in  general  directions. 

If  the  Mole  and  its  ancestors,  owing  to' 
ditions  of  life,  have  had  little  need  of  eyei 
consequently,  in  the  course  of  generatio) 
process  of  atrophy  from  disuse,  the  basit 
processes  of  those  particular  animals  i 
thereby  proportionately  altered.  Sight  it 
cut  off,  otljer  Sensorial  Endowments  wouL 
risen  in  importance  for  the  daily  conda 
The  sum  total  of  the  neural  improsaioii 
of  snch  animals  would,  therefore,  come  to 
from  those  of  their  near  ally,  the  keen-viai* 
ditfcrent,  again,  mnst  he  the  web  of  senso 
constitutiug  tbe  basis  of  the  mental  life  o 
which  Scents  enter  so  largely,  when  com 
of  the  AVhale.   *h^  Forn'^^^^  .^:a:_tL,>_B^ 
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the  peculiar  habits  of  each,  and  the  cousoqueutly  varying 
nature  of  their  sense  cndownientH — either  in  the  direc- 
tion of  defect  or  of  hyper-refinement  in  discrimiaatiTe 
power. 

The  space  arailuble  in  this  volume  is  wholly  inadequate 
to  permit  of  any  attempt  to  do  more  than  call  the  reader's 
attention  to  a  few  of  the  more  important  of  the  recorded 
actions  of  some  of  the  most  iutcUi(,'ent  of  QiuulrupodH  and 
Quadromana.  These,  however,  may  be  useful  for  com- 
parison with  those  recorded  in  previous  chapters  concern- 
ing animals  lower  in  the  scale  of  development. 

The  instinctive  operations  of  Beavers  are  both  well- 
known  and  remarkable,  ^\llile  they  ahow  us  a  much  less 
machine-like  series  of  actions  than  are  exhibited  by  In- 
sects, Beavers  also  display  a  more  diatiiict  power  of 
adaptation  to  uqw  or  unuHual  conditions  ilian  ia  to  ba 
met  with  among  Birds.     They  live  in  colonies,  and  work 

» together  in  a   most  skilfLil   nianner   to   bring   about,   by 
toamerous  and  complicated  means,  some  common  purpose 
— a  purpose,  moreover,  which  baa  at  dilTorent  times  to  bo 
executed  under  by  no  means   identical   conditions.     As 
Leuret*  points  out,  so  great  a  variety  of  labours  is  needed 
HUor  the  constructions  cai'ried  on  by  the  Reaver;  they  in- 
■**  dude  HO  many  inntances  of  a  well-made  choice ;  so  many 
accidental  dilliculties   are  surmounted  by  these  animals, 
that  it    is   impossible    not    to    recognize    in    their    acts 
l^the   characteristics  of  a   rather  high   intelligence — even 
llpLough  it  may  be  of  instinctive  origin.     The  fact  of  their 
intelligence  having  this  basis  docs  not,  however,  detract  in 
the  least  from  its  dignity  and  importance,  seeing    that 
^sttnctivo    operations   constitute    almost    the    necessary 
irting-poiut  for  that  freer  play  of  choice  and  indej>eudent 

"  A  nut  Clomp,  da  Sr*»t.  Nerv."  t.  i.  183i\  p.  50G. 


cially  of  the  latter— is  well  known  nud  appr 
of  the  hif^h  intelligence  cxliibitcd  by  Do, 
perhaps  to  bo  regarded  as  a  distinct  result 
tion  of  individuul  auituals  while  they  have 
Man*8  associates  and  helpers.  Under  his 
aptitudes  and  cerebral  organization  of  the 
hftvo  been  slowly  improved.  Still,  notwi 
advantages  of  this  association,  the  Dog  co 
profited  by  it  so  much  as  he  has  done,  h 
endowed  with  an  unusual  plasticity  of  or, 
gcther  with  faculties  of  observation  and  a 
tion  of  no  ordinary  kind. 

TLti  faculties  of  the  Wild  Dog  are  not  y 
from  those  of  tholV'olf,  and  in  almost  all  resp 
notably  inferior  to  those  of  animals  whose  ai: 
been  educated  by  association  with  Man. 
will,  however,  hunt  their  prey  in  couples 
concerted  though  varying  actions,  calculated  ' 
victims  fall  an  easy  prey  to  stratagem.  Do 
been  known  to  adopt  a  very  similar  fdle — i 
when  the  conspirators  have  been  altogetho: 
size  and  breed. 

Evidence  is  not  wanting  to   show  that 
emotions  of  a  Dog  may  have  an  altruistic 
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rcp-arded  as  the  joint  product  of  the  aninmrs  intelligence 
and  of  its  love  for  its  master  or  inistrt'ss.  Of  the  mani- 
festations of  83*mpathy  for  their  own  kind  the  records  are 

mparuiivoly  8(!arce.     Swuinson,  however,  quotes  a  good 

stance  of  it.     He  says*  : — 


The  Rev.  Mr   S 


-.  of  M- 
favourite    Newfoundland  dog,   who 


lived 


Dcnln^hshire,  had   a 
at  largp,   purtoolc    of 


e  beat  of  c\'orything,  and  excrci.sod  his  power  with  great  mild- 
ti.  Hd  was  seen  more  than  once  leaping  the  gate  which 
panitod  the  yard  of  the  honho  froni  the  farm-yard,  and  carrying 
I'ge  boneu  that  had  heen  gin-n  him  to  a  sportiDg  dog,  who  was 
d  ap  in  the  stuble." 


The  ocpaaional  dislike  of  the  Do"  for  members  of  its 

^^wn  species — engendered  almost  at  first  fiiglit — is  some- 

^Kmcs  striking  enough  in  itself,  hut  when  we  find  that  a 

^Bnemorj  of  this  sort  of  Emotion  is  retained,  and  I'ouscd 

pVgain  after  a  lon^  period  by  a  simplo  Association  uf  Idnas 

— ronscd,  too,  in  such  force  as  to  stimuhite  to  immediate 

action — the  fact  is  one  which  deserves  to  be  recordtnl  iu 

illustration  of  the  mental  and  emotional  processes  of  the 

Dog.     Dr.  Paladilhe,  of  Moutpelier,  has  cited  an  inter- 

^jting  instance  of  this  kind.  Being  about  to  sprnd  some 
ays  with  relatives  living  in  a  small  villafje  about  twenty- 
two  miles  distant,  he  took  his  greyhound  with  him,  sho 
never  having  heen  there  heforo. 

"It  80  happened,"  he  aays^f'that  not  far  off  there  was  a  honnd 

bitch  belonging  to  one  of  my  consin's  neighbours,  and  between  these 

two  animals  (from  the  beginning  of  xwy  short  slay)  there  arose  the 

epest  hatred  and  animosity,  and  conflicts  of  the  most  fcrocions 

ind   were   matters  of  duily,   almost  hourly,  occurrence.     Time 

Itogether  failed  in  producing  any  belter  feeling  between  them,  and 

to  the  end  of  my  visit  each  wa»  ever  ready  and  anxious  to  try  its 

•  "  Hiibits  and  Instincts  of  Animals,"  p.  79. 
f  Nature,"  Angust  7,  1873. 


mshcd  forward  at  ber  full  speed,  and  all  attempts  to 
proved  quite  ioefioctual.  On  reaching  the  village  I 
It^rribleencoiinttT  hudalreadj*  tulcen  place  between  the 
who  were  on  the  poiut  of  renewing  the  attack  after 
cei<t>aiioD  of  boitilitivs." 

Somo  Dogs  Bcoin  even  to  entertain  an  emhr^ 
'justice '  and  its  i)pi>osite,  the  realization  of  wL: 
to  the  occtirreiicf  of  montal  processes  of  some 
for  sach  auiiuals,     Lt'urcb  cites  the  follow*iuir  a 


"  Arago,  the  astronomer,  was  onoe  overtaken  by  J 
email  village  in  the  south  of  France,  and  Dureuu  de  ] 
related  the  story  (*  Ann,  des  So.  Nat.*  t.  xxii.  18 
cottagers  with  whom  he  had  taken  refuge  could  onl 
chicken  for  dinner— and  tliis  he  at  oncL*  ordered  to  be 
Bpit  was  provided  with  a  revolving  drum,  into  whii 
aeeustomed  to  enter  in  urder  to  give  it  the  uc'cc«sai 
One  of  the  dogs  kfpt  for  this  purpose  (*  turnspits ' 
called)  was  in  the  kitchen,  and  on  the  cottager  attcm 
it.  tlie  dog  showed  his  t4*eth,  hid  hiin^lf,  and  obslina' 
his  master's  orders.  Arago,  id  surprise,  apked  the  c 
told  that  the  dog  rebelled  beoanse  it  wait  his  com] 
The  astronomer  directed  that  the  other  dog  should  b 
on  its  arrival,  at  the  tirtit  sign  from  his  master,  it 
drum  and  turned  the  Rptt  for  about  ton  minutes 
completing  the  experiment,  Arugn  caused  the  drum 
and  the  dog  liberated,  telling  the  cottager  then  to 
ijrevioQslj  restive  animal.     The  order  was  given,  an 
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instauce  of   tbis  has  lately  boou    cited   by  Mr.  CharloH 
Stewart,  of  Tighnduin,  Perthsbire.     He  says: — * 

"  A  few  years  ago  I  kept  a  collie  dog  named  '  Bo<lach '  at  oiy 
farm,  for  herding  the  milk  cowa,  and  who  recognized  the  duirymuid 
as  his  uistresa.  On  her  directing  hiu  to  keep  tlie  cowa  on  a  cer- 
tain part  of  a  held,  ho  would  lay  [limself  down  in  the  centre  of  a 
line  fixed  by  him  as  the  pmper  limit.  Patiently  and  vigilantly  he 
would  remain  in  quictneaa,  nutil  any  of  the  cows  passed  his  limit, 
vrhcn  he  would  swoop  down  on  the  trespasser,  take  her  by  the 
heels,  and  drive  her  bock.  It  was  wonderful  in  how  short  a  time 
the  cows  came  to  recognize  and  respect  the  aiTangement.  He  also 
came  to  know  some  ot  the  cows  by  name.  One  of  tliem  named 
*Agi^' required  at  certain  ficaaons  to  bo  milked  oftener  than  the 
others,  and  the  dairym^d  had  only  to  say  in  Oaelic,  *  Boducli,  go 
and  bring  homo  Aggi,'  when  he  would  stirt  for  the  pasture,  single 
out  A^i,  and  bring  her  carefully  home." 

The  cuuuiu^  of  the  Fos  is  proverbial,  and  often  cLaiac- 
terized  by  a  degree  of  ictcllir^once  wbich  is  not  a  little 
remarkable,  wbon  we  consider  that  it  is  altogether  the 
result  of  the  creature's  unaided  converse  with  Nature — 
and  certainly  independent  of  any  encouragement  from 
Man.  A  good  example  of  this  native  intelligence  is  to 
be  found  in  the  followiuj^  iucideuts  t : — 

**A  farmer  looking  out  of  his  window  one  sammcr'a  morning 
aboat  three  o*clock  saw  a  fox  cniiiHing  a  field  before  it,  carrying  u 
targe  duck  that  ho  had  captnred.  On  coming  to  a  stone  dyke 
about  tour  feet  high,  ou  the  aide  of  the  field,  Keynard  made 
an  effort  to  leap  over  it  with  his  prey,  but  failed,  and  fell 
back  into  the  field.  After  making  three  attempts  with  the 
tame  result  he  Hat  down  and  viewed  the  dyke  for  a  few  minates; 
after  app^irently  Batisfyhig  himself,  he  caught  the  daok  by  the 
head,  and  »tandiug  up  aguiust  the  dyke  with  hU  fure-puwit,  aet  high 

»  "Nature,"  May  1.1879,  p.  21;  another  excellent  illustration 
of  the  intelligence  of  a  dog  is  given  in  "  Nature,"  Alurch  20, 187^, 
p.  458. 

t"  Nature."  March  27.  1873,  p.  410;  February  27, 1879,  p,  385; 
and  Karch  Q,  187d,  p.  400. 


The  Ren  i*.  Wenslow  writes  thus : — 

"  Tlie  Arctic  fox — too  wary  to  be  shot  like  tho 
bait  t»:d  to  a  string,  which  was  atlocbeil  to  the  trij 
would  (live  uDcler  tbe  snow  and  so  pall  the  bait 
line  of  Hrc.'*  Dr.  Joba  Riiy  adds  that  he  ban  kiu 
ia  wbtcb.  under  aach  couditiontt,  iiiRtead  of  dif^^ing; 
into  u  ttvncb  in  the  enow  to  avoid  tlio  shot,  an  Aroti 
the  line  aliiicbing  ilie  bait  to  tbe  trigger  of  tbe 
thn  bftit."' 


.berti 


Thu  large  and  hij^'hly  couvoluted  bruin 
and  of  the  Doipbiu,  iis  well  a&  those  of  many 
nivoroB,  have  long  been  deemed  romarkoble 
in  these  animala  ;  and  doubts  bavo  been  expre 
their  Mental  Faculties  are  iu  any  way  equal  to 
have  been  expected  if  "wo  look  merely  to  the 
vclopmeut  of  their  Cerebral  Hemispheres, 
have  already  been  made  on  this  Bubjeet,  w 
of  showing  that  the  extraordinary  activitj 
muscular  movements  of  these  creatures  ma 
to  do  with  the  great  size  even  of  the  Cerebral 
8s  it  has  unquestionably  to  do  with  the  g 
mcut  of  the  Cerebellnm,"  Their  voracity  i 
and  this,  together  with  the  rapidity  and  va 
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unimiils  miiY  be  iDnch  more  highly  developed  than  is  gene- 
rally imagined. 

But  we,  unfortunately,  know  very  little  abont  the  more 
intimate  habits  of  either  Porpoises  or  Dolphins,  as  the 
medium  in  which  they  live  removes  them  so  much  from  any 
minute  and  continnous  examination.  Some  few  interesting 
observations  have,  however,  been  recorded  conceniing  two 
PorpoifiCB  formerly  in  the  large  tank  of  the  Brighton 
Aquarium. 

W.  Savillo  Kent  says :  * — **  The  Brst  comer  «o  readily  accommo- 
dated ititftlf  to  its  altered  conditionp,  that  on  the  second  day  it  took 
ita  food,  smelts  and  HpratR,  from  itd  keeper's  huud,  and  has  con* 
tinned  to  do  so  ever  Rinro.  The  !ater  arrivHl  wiis  at  first  less 
Bociiibly  incliDod,  but  bmth  hiivo  latterly  betomc  cqniilly  tamo,  and 
freqnenllj.  while  rt'coiving  tish  from  my  hand  with  the  gentlencsi*  of 
pet  dogs,  have  j»eruiitted  ine  to  put  and  stroke  their  slippery  indiu' 
raW>er  like  bj^ks." 

Curiosity  is  a  sign  of  Intelligence  of  a  comparntively 
high  order.  It  may  be  said  to  be  almoHt  ubsoiit  in  Birds, 
but  it  seems  to  exist  to  a  very  marked  degree  in  the 
Porpoise. 

W.  Saville  Kent  snys  : — "A  now  arrival  is  at  once  flul»jected  to 
the  most  importunate  attention,  and,  advancing  from  familiarity  to 
contempt,  if  disapproved  of,  soon  becomes  the  object  of  attack  and 
persecution.  A  few  Dog-fiah,  three  or  four  feet  long,  placed  in  tlio 
same  tank,  soon  fell  victims  to  the  tyranny  cf  the  Porpuiues;  and 
a  line  Sturgeon,  six  feet  long,  was  likewise  much  persecuted  and 
had  to  be  removed.  This  was  al^o  the  case  with  some  large  Skates. 
The  latter,  so  long  as  they  maintained  their  usual  hiibit  of  lying 
sluggishly  on  the  floor  of  the  tank,  escaped  molestatiou;  but  no 
sooner  did  these  fish  display  any  unwonted  activity  than  the 
Porpoises  were  upon  them,  iiud,  making  a  convenient  handle  of 
their  cburacteristic  attenuated  toils,  worried  them  iuccssantly." 
On  one  occasion,  the  same  obucrver  witnessed  "  the  two  Cetacca 
acting  evidently  in  concert  against  one  of  the  Skates." 

•"  Nature,"  July  17, 1873,  p.  229. 


LIUI  iiWiuy  ulones  liavo  come  down  to  ui 
tiraea,  the  f,'eiicral  purport  of  whicb  seems  i 
rare  docility,  intelligence,  and  s^iupalbcli 
and  fablo  may  be  hero  inextricably  intormi 
Leuret  sngrgests,  it  seems  probable  that 
basis  of  truth  for  these  various  stories.     A 
in  need,  however,  of  some  accurate  mode 
as  to  the  habits  and  de;^rec  of  Intelligence 
interesting  creatures,   whose  brain  is  so 
devi'loped.     SwuiuHon   quotes  Cuvier,  io 
the   l>oIphin    "carefully  suckles  and   ten 
cnrrnii;^  thf-m    g*'ntly   undt»r   its  pectoral 
\\'ith   and   continuously  exercising   thorn 
Tlio  male  also  attaches   himself  for  life  i 
companion,  and  becomes  her  most  zealouG 
protector."  ^ 

The  Elephant  is,  by  general  consent,  n 
most  sapiciuua  of  all  four-footed  Leasts  li^ 
of  nature.  It  seems  pretty  certain,  boM 
estimate  would  not  be  applicable  to  bratefll 
elusive  of  the  Qundrumana.  *| 

Like  the  Apes,  the  Elephant  adds  to  itSI 
endowments  an  acute  and  discriminative  ii 
Its  prehensile  trunk  serves  all  the  pnrpa| 
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that  indiriduals,  and  ultimately  the  race,  should  benefit 
macb  therefrom  iu  the  way  of  iucreased  sa^city.  The 
importance  of  this  point  will  he  best  appreciated  by  those 
who  know  the  dilferences  in  point  of  Sa^'iicity  between  the 
generality  of  young  dogs  an»l  those  that  have  lived  on  to 
their  full  term  of  active  life.  For,  if  so  much  dilTorence  in 
this  respect  arises  with  the  Dop  iu  the  course  of  ei;^ht  or 
ten  ycarfi,  wo  may  uutunilly  look  fur  nijiably  ^cater 
effects  of  the  same  kind  during  a  life  at  least  ten  times 
as  long  as  that  of  the  Dog. 

On  the  other  hand,  it  must  not  be  forgotten  that  the 
Elephant  never  breeds  in  captivity,  and  therefore  never, 
like  the  Dog,  bequeaths  to  succeeding  generations  any  of 
those  higher  developments  of  its  faculties  and  powers  which 
may  have  resulted  from  its  intercourse  with,  and  education 
by,  human  associates.  The  individual  Elephant,  there- 
fore, can  be  educated  by  man,  but  the  race  must  have  its 
faculties  shari>ened  in  the  wider  school  presented  by  the 
Bum-tntal  of  their  owu  naturitl  surroundings. 

AVhen  once  tamed,  the  Elejjhaut  becomes,  as  Buflbn 
bays,  the  most  tractable  and  submissive  of  all  animals  : — 

"  He  ifl  affectionate  to  his  keeijer,  carcHsee  him  and  does  what- 
ever he  can  to  please  In'm.  In  a  little  time  he  underBtaiids 
signs,  and  even  the  expression  of  sounds;  he  diutingtiiahesthetone 
of  coaiznand,  that  of  anger  or  goodnature,  and  acta  accordingly. 
He  never  miatukea  the  worda  of  bis  master;  he  receives  hia  oraera 
with  attention,  and  execntcs  them  with  prudence  and  cagcrneaB." 

The  intelligence  and  sagacity  which  the  Elephant  is 
well  known  to  display,  iu  aid  of  his  keepers,  in  capturing 
tauns  or  solitary  males  iu  the  wild  stute^  as  quoted  by 
Swftinson,*  is  so  suqirising  as  to  be  almost  incredible, 
were  it  not  that  the  facts  are  notoriouHly  well  attested, 
The  account  is  too  long  to  be  here  quoted. 

•  "nabita  and  Instinct!  of  Animnlp,"  p  D4. 
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The  some  kiud  of  judgment  and  sagacity  are,  howeveq 
Bbown  hy  the  Elephant   when  he  gets  into  too  snfi 
swamp. 

Swainson  writes: — "The  cylindrical  form  of  an  Elcplianrs  leg- 
whicli  is  nearly  of  eqtial  thickness— causes  the  animal  to  ttiukvei 
deep  in  heavy  ground,  especially  in  the  ninddy    banks  of   fmi 
rivers.     Wht-n   thus  nituated,  the  animal  will  endeavour  to  lie 
hia  side,  so  na  to  avoid  sinking  deeper;  and.  for  this  purpoap,  will 
itvuil  binistilf  of  every  nieaus  to  obtain  relief.    The  usual  mc>do  of 
extricating  him  is  mu^h  the  same  a^  when  he  ia   pitteii ;  that  is, 
by  supplying  hiui  libeniUy  with  straw,  boughs,  praKs.  Ac;  th< 
materials  being  thrown  to  the  distressed  animal    he  forces  tl 
down  with  bis  trunk,  till    they  are  lodged  under  hia  fore*feet  ii 
suHictent  quantity  to  nsist  his  pressure.     Having  thus  formed  a 
sufficient  buuis  for  exertion,  the  augncious  animal  next  proceeds 
thrust  other  bundles   under  hi.i  belly,  and  as  far  buck  under  hi 
flanks  as  he  can  reach;  when  such  a  baais  is  formed  aa  may  be.  in 
his  mind,  proper  to  proceed  upon,  he  ihrows  his  whole  weight  for- 
wards, end  gets  bis  hind  feet  gradually  D|)on  the  straw,  &c.     Being 
once  cuntirmt'd  on  a  solid  fouling,  tie  will  next  place  the  succeeding 
handles  before  him,  pressing  tliem  well  with  his  trunk,  so  as  to  form 
a  causenay  by  which  to  reach  the  firm  ground."     "  He  will  not  bear 
any  weight,  definitely,  until  by  trial  both  with  his  trunk  and  the 
next  foot  that  is  to  l>e  planted,  he  has  completely  satisBed  hii 
of  the  Brmness  of  the  ground  he  is  to  tread  upon.  .....  Tl 

anxiety  of  the  animal,  when  beniired,  forma  a.  strong  contrast  wiihT 
the  pleasure  he  so  strongly  evinces  on  arriving  at  U-naJitiHa.'* 

The  following  particulars  were  among  those  reported 
the  Academy  of  Sciences,  couceruiug  a  young  aaimi 
the  pioporty  of  Louis  XIV.,  which  was  kept  for  a  timo^ 

at  Versailles  : — 


"  The  Elephant  seemed  to  discern  when  anybody  made  a  fool 
bim ;  and  he  remeinbered  the  atfront,  to  bo  revenged  tif  it  at  the 
first  opportunity.  Having  been  baulked  by  a  man  who  fei;^aied  ta^ 
throw  somL'tliioK  >ntu  his  ninutb,  he  struck  him  with  bis  trunk 
broke  two  of  his  ribs,  afterwards  he  trampled  him  rtnder  hi? 
feet* A   paiutvr   was   deairous   of    sketching   bim    iu    an 
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estraordioary  attitude,  that  in  with  his  trunk  erect  and  moathopcn. 
The  servant  of  the  painter  to  make  him  retain  that  atlitnde  threw 
fruit«  into  hiH  month;  but  afterwards  he  deceived  him,  which  pro- 
voked the  elephtint'g  indignation;  and,  as  if  he  hud  knowa  th;vt 
the  cause  of  this  dt^ception  was  the  painter^s  desire  of  Itavinf^  him 
drawn,  he  reven^>d  himstdf  on  the  master  by  throwing  with  his 
tronk  a  great  quantity  of  wutcr^  which  Bpoitcd  the  paper  intended 
for  his  design." 

As  a  wcdl-ftuthentieat«d  instance  of  the  Memory  of  the 
iElcphnut,  and  of  his  obedieuce  to  his  keeper,  Swatnsoa 
gives  the  following  story  recorded  by  Captain  Williainson» 
and  attested  hy  the  signatures  of  several  persons  who 
were  witnesses  of  the  occurrence: — 

"  An  Elephant  that  had  been  some  years  domesticated  got  loose 
dnring  a  stormy  night,  and  mmhiediiito  his  native  jungles.  About 
/wur  years  afterwardK,  when  a  large  drove  had  bi?en  cuj>tnredin  the 
•  keddah,*  the  keeper  of  the  lost  one,  aJong  with  others  of  the  natives, 
had  ascended  the  barricade  of  timber  by  which  it  was  snrroundi-d, 
to  inspect  the  newgneats;  nmon^  them  he  fancied  he  recognized 
his  former  charge,  and,  though  ridiculed  by  his  comrade8.  he  called 
to  the  elephant  in  question  by  the  name  which  it  had  formerly 
borne.  To  the  wonder  of  all  present  the  animal  came  towards 
him.  The  man,  overjoyed  at  the  event,  got  over  the  barrier,  and 
ordering  the  elephant  to  lie  down  to  be  monnted,  he  bestrode 
its  neck  as  in  former  times  and  exultingly  led  it  forth,  to  the 
admiration  and  surprise  of  all  present.** 

With  Memory  such  as  this,  with  a  power  of  fixing  its 
Attention,  with  s.  plastic  nervous  system,  and  with  a  very 
long  life  for  each  individual,  the  remarkable;  Su»(acity  of 
these  animals  may  he  in  a  measure  understood. 

High,  however,  as  is  the  Intelligence  of  the  Elephant, 
it  is  unquestionably  much  below  that  of  many  of  the 
Qnadrnmana — even  of  some  whose  zoolof^ical  status  is 
inferior  to  that  of  the  great  '  man-like  '  Apes.  "VMio,  that 
has  watchod  any  of  those  creatares,  does  not  know  their 
varied    powers   of    appreciating    the    conditions  around 


S29 


TIIK    MKNTAL   CAPACiriES   A?n) 


them,  and  of  shaping  their  actions  into  some  accort]an( 
therewith — as  well  as  the  range  and  complexity  of  th( 
Emotions  which  they  are  capable  of  feeling  and  plainly^ 
xuiinifcsting  on  different  occasions. 

In  regard  to  the  Cai,  or  Weeper  Capnchin,  one  of  tho 
long-tailed  New  "World  Monkeys» — 

P.  M.  Duncan  (Casaell's  **  Xut.  History /'  p.  184)  qnotea  Rcnj 
to  the  efFoct,  tliat  when  lie  Brst  gave  eggs  to  these  animals  '*  11 
BinaKlieti  them,  and  thus  loat  much  of  their  contents:  aftcrwHrdu  tin 
gently  put  one  end  a^^inst  some  bard  bcxly  and  picked  off  Ihe  Uil 
ofHhell  with  their  fingers.  A  ftercntting  themselves  only  once  wit 
a  sharp  tool  they  would  not  touch  it  ugiiin,  or  would  handle  it 
the  greatest  care.  Lumps  of  sugar  were  ott«n  given  them  wntpp 
up  in  paper,  and  R«ngger  sometiineB  put  a  live  wiutp  in  the 
AfUff  this  had  happened  once,  they  always  tirat  hold  the  packet 
their  carH  to  detect  any  moroment  within.*' 

The  same  writer  in  his  account  of  a  female  Chacnii 
or  Pig-tailed  Bahoon  (loc,  cit.,  p.  14G),  says  : — 

"She    not   only    adopted   young   Monkeys   of  oth«r    spcdi 
bat  stole  young    doga   and  cut«»  which   she  continually   currii 
about.     Her  kindnesii,  however,  did  not  go  so  far  a«  to  share 
food  with  her  adopted  ofldpring.     An  adopted  kitten  scratched  thi 
affectionate  and  saltish  old  thing,  who  certainly  had  a  Bue  tnt«U« 
for  she  was  much  OBlonished  at  being  scratched,  and  immediatclj 
examined  the  kitten's  feet*  and  withont  more  ado  bit  off  the  claws  V 

The  same  writer  also  cites  (loc.  cit.,  p.  184,)  the  follow- 
ing remarkable  instance  of  Intelligence  : — 

"  Formerly  one  of  the  large  Monkeys  in  the  Zoological  GaHeos 
hud  weak  teeth,  and  be  used  to  break  open  the  nuts  with  a  8ton«. 
Mr.  Dni-win  was  assured  by  the  keepera  that  this  animal,  after 
nsing  the  stono  bid  it  in  the  straw,  and  would  not  let  anjr  other 

Monkey  touch  it" 

Tho  development  of  lutciligence,  Emotion,  and  Voli- 
tion, which  becomes  so  obvioua  in  lower  QuadramnoOyj 
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is,  however,  recognizable  in  a  still  more  Btrikiiig  degree, 
when  wo  come  to  tlie  so-ciillcd  '  nmn-like  *  Apes,  viz..  the 
Gibbons,  the  Chirapanzoe,  the  Gorilla,  and  the  Orang- 
utim,  as  a  few  details  will  show. 

A  writt-r  in  "  Nature  "  (Jan.  "19,  187-i)  says  ; — 

"1  keep  in  my  gardens  nomber  of  GiX>bon  fipes{Ilijhhatv8  afjfJiii)  \ 
they  live  quite  free  from  nil  reBtrainI  in  the  trees,  merely  coming;  when 
called  to  be  fed.  One  ot  thi'Kc,  a  yonng  male*  on  one  occaBion  fell  from 
a  tree  and  dislocated  hia  wrist;  it  received  the  greatest  attention 
from  the  others,  eapecially  from  an  old  female,  who,  however,  was 
DO  relation ;  she  used,  before  eating  her  own  plantains,  to  take 
up  the  first  that  wcro  offered  to  her  every  day  and  give  tliem  to 
the  ciipjde,  who  was  living  in  the  eavea  of  a  wooden  house;  and 
I  have  frequently  noticed  that  a  cry  of  fright,  pain  or  distress  from 
one.  would  bring  all  the  others  at  once  to  the  cumpluiner.  and  they 
would  then  condole  nith  him  and  fold  him  in  their  arms." 

Concerning  the  largest  of  the  Gibbons,  the  Siamang,  a 
native  of  Sumatra,  some  interesting  details  Lave  been 
given  by  G.  Bennett,*  of  an  animal  which  ho  brought 
home  with  him  from  Singapore.  "  Its  disposition  was 
gentle  but  animatiMl  and  lively ;  and  it  dtjlighted  in 
playing  frolics.  AVith  a  little  Papuan  child  on  board 
this  Siamang  became  very  intimate;  they  might  often 
be  seen  sitting  near  the  capstan,  the  animn!  with  its  long 
arm  round  her  ueek,  eating  biscuit  together.  In  hia 
gambols  with  the  child  he  would  roll  on  deck  with  her, 

as  if  in    mock  combat Hia   temper,    however, 

was  irritable,  and  on  being  disappointed,  or  confined,  ho 
would  throw  himself  into  fits  of  rage,  screaming,  rolling 
uhont,  and  dashing  everything  aside  witliin  his  reach: 
he  would  then  rise,  walk  about  in  a  hunied  manner,  and 
repeat  the  scene  as  before.  With  the  cessation  of  his  fit 
of  anger  he  did    not  abandon   his  purpose,   and    often 


*  Knight'ii  "  I'ictorial  Sluseum  of  Animated  Nature,"  p.  81. 
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gained   bis   poiut   by   stratagem    wbea    he    fband   tbj 
TioltiDce  was  of  no  avail.*' 

All  instance  of  this  animal's  Intelligence  is  given  «bi< 
is  Tcry  interesting: — 

"  Among  rariotiB  articles  id  3fr.  Bennett's  cabin  a  piece  of 
grently  attracted  hia  attention,  and  for  tlie  removal  of  tins  Boap  h« 
had  been  once  or  twice  scolded.  One  morning  Mr.  Beonett 
writing,  the  Siamanf^  being  present  in  the  cabin,  when,  casting  hi 
e^e«  towards  the  animal,  he  observed  him  taldng  the  aosp. 
watched  him,*  says  the  narrator.  •  without  his  perceiving  thot  I 
did  no;  he  occasionally  cast  a  fnrtive  glance  towards  the  place 
where  I  tat;  I  pretended  to  write;  he.  oeeiog  me  basily  engaged, 
took  up  the  Boap  and  moved  away  with  it  in  his  paw.  When  he 
had  walked  lialt*  tlie  length  of  the  cabin.  I  spoke  quietly,  withoot 
frightening  him.  The  instant  he  fonnd  I  saw  him,  he  walked  baek 
again,  and  deposited  the  soap  nearly  in  the  name  place  whence  he 
had  taken  it:  thus  betraying;  both  by  hia  first  and  last  actions  ft 
cuoeciouaness  of  having  done  wrong.** 

^f.  Dnvanncel  save  : — '*  If  a  yoong  one  be  wounded,  the 
mother,  wbo  carries  it  or  follows  it  closely,  remains  with 
it»  utters  the  mo&t  lamentable  cries,  and  rashes  npon  the 
enemy  n-itb  open  mouth ;  bnt  being  unfitted  for  combat 
knows  neither  bow  to  deal  nor  shun  a  blow.     It  ta,*' 
be  adds,  **  a  curious   and  interesting  spectacle,  which  a 
little  precaution  has  s^>metimes  enabled  roe  to  witness,  to 
nee  the  females  carrying  ibeir  jooog  ooee  to  the  water, 
and  there   wash  I  heir  hotm  in   spite  of  their   childish 
outcries — bestowing  a  degree  of  time  and  «M^  '^'^  their 
cleanliness  which,  in  many  cttses,  the    f^iiViTCn  ol  «mt 
own  species  might  envy." 


In  the  conformation  of  their  hnin  ^  CNa^^w"^ 
the  Gorilla,  and  the  0«ng  approech*^  ^%***  C%1^ 
HMst  doMly  to  tbtloC  UaA:  h«l  ^^^^^^^^^^'^^^^^^ 
thai  aithoogh  iu  ganaml  flhi^p*.  in  '^-^^-^^^y  ^g^^^ffcowa 
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FisBnrcs,  and  in  the  arrangement  of  its  Convolutions,  aa 
far  as  tLcy  go,  there  is  this  stnkitig  reRerohlauco  to  the 
human  brain,  yet  in  acinol  size  or  weight  the  brain  of  tlie 
*  man-like '  Apes  is  widely  separated  from  that  of  Man. 
The  heaviest  brain  belonging  to  one  of  these  creatures, 
as  yet  examined,  bus  been  barely  one-half  of  the  weight  of 
the  sraallest  normal  human  bmins,  alttiough  tlto  weiglit 
of  the  entire  body  in  the  great  Gorilla  may  be  nearly 
double  that  of  an  ordinary  Man.  The  brains  of  these 
three  kinds  of  '  man-like  '  Apes  differ  considerably  among 
themselves ;  as  we  have  seen,  each  in  some  reapccta 
approaches  nearer  to  that  of  Man  than  the  others,  though 
on  tlio  whole  it  is  considered  that  the  brain  of  the  Orang 
is  slightly  higher  in  type  than  that  of  the  other  two. 
They  likewise  diflfer  from  one  another  a  good  deal  in 
disposition  and  in  general  bearing. 

Some  years  ago  a  very  interesting  baby  Chimpanzee 
was  obtained  from  the  natives  of  the  Gambia  coast. 
His  mother  had  been  shot  when  he  was  about  twelve 
months  old,  and  after  a  short  time  be  was  sent  to  London, 
and  became  famous,  young  as  ho  was,  for  his  great 
iriielllgenoe  and  human-like  conduct.  Soon  after  his 
arrival  at  the  Zoological  Gardens,  this  young  Chim- 
panzee was  visited  by  a  distinguished  zooloj^ist,  Mr. 
Broderip,  who  has  given  the  following  account  of  him 
(Caasell's  "  Nat.  Hist,/*  p,  54)  :— 

"  I  »aw  him  for  the  first  time  in  the  kitchen  belonging  to  tho 
keeper's  apartmonta,  droBsed  in  a  IJttlo  Guernsey  shirt,  or  banyan 
jacket.  He  was  bitting  child*like  in  the  lap  uf  a  good  old  woniiui, 
to  whom  he  clang  whenever  she  made  «how  of  patting  hira  down. 
'  '  '  •  '  "-^  **«d  already  become  very  fond  of  hie  good  old  nurae, 
enu  «lie  Jjod  evidently  become  attached  to  her  nursling,  althoagh 

■».«'#/.        *^*^^y  be«n  u<^|uaitited  (or  three  or  four  duy« On 

'■  ^*=ca^Jt,u^  and  when  he  had  become  familiar  with  rae,  I 


anot/tf 


e  midet  of  hia  play,  a  luuking-glass  to  be  broaght  and 
15 
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held  befure  him.  Hit)  atleutiou  wa9  constantly  and  Btroa^jr 
arreeted :  from  tho  utmost  activity  he  became  immovahlj  fixed, 
iit«aiiru8tly  gazing  at  the  mirror  with  eagerness,  and  something  hko 
wonder  depicted  in  his  face.  He  at  length  looke^l  op  at  me,  then 
again  gazed  at  the  glass.  The  tips  of  my  fingers  appeared  on  one 
side  as  I  held  it;  he  put  his  hands  and  then  his  lips  to  them,  then 
looked  l)Ghind  the  ghins,  and  finally  passed  hia  hands  behind  it, 
evidently  to  feci  if  there  were  anything  substantial  there.  ...  A* 
I  was  making  notes  with  a  paper  nnd  pencil  he  came  np  and  looked 
at  me  inqai&itively,  testing  the  pencil  with  his  teeth  when  he  had 
it  g^ven  to  him.  A  trial  was  made  of  the  little  fellow's  conrsge; 
for,  wlieu  his  attention  was  directed  elsewhere,  a  hamper  ouutaioing 
a  lai-ge  snnkc,  called  Python,  was  brought  in  and  placed  on  a  chair 
near  the  dresser.  The  Ud  was  ruisud,  and  the  basket  iu  which  the 
snake  was  enveloped  was  opened^  and  soon  after  Tommy  cams 
gambolling  that  way.  As  he  jumjted  and  danced  along  Uie  drcner 
towards  the  basket  he  was  all  gaiety  and  life;  snddenly  he  seemed 
to  be  taken  aback,  stopped,  cautiously  advanced  towards  thebaaket* 
•peered  or  rather  craned  over  it,  and  instantly,  with  a  gesture  of 
horror  and  aversion,  and  the  cry  of  *  Hoo!  hool'  recoiled  from  the 
detested  object,  jumped  back  as  far  as  he  could,  and  then  sprang  to 
hia  keeper  for  protection.  Tommy  does  not  like  confinement^  and 
when  he  is  shut  np  in  his  cage,  the  violence  with  which  be  pulls  at 
and  shakes  the  door  is  very  grojit.  and  uhoiva  considerable  strength ; 
but  I  have  never  seen  him  use  this  exertion  against  any  other  port 
of  the  cage,  though  his  krppor  baa  endeavoured  to  induco  him  to 
do  so,  in  order  to  see  whether  he  would  make  the  distinction.  Then 
he  wont  to  a  window,  opened  it  ntul  looked  out.  I  was  afraid  that 
he  might  make  his  esca[>e,  but  the  words  'Tommy,  not*  pro- 
nounced by  the  keeper  in  a  mild  but  firm  tone,  caused  him  to  shut 
the  window  and  to  come  away.  Uc  is,  in  truth,  a  most  docile  and 
affectionate  animal,  and  it  is  inifiossible  not  to  be  taken  with  the 
expressive  gestures  and  looks  with  which  he  courts  your  good 
opinion,  and  throws  himself  upon  you  for  protection  against 
aoooyancc." 


Wlielher  tbone  animals  grow  cross  and  savai^  as  tii( 
pjet  old,  after  the  mnnner  of  Monkeys  gcBerally,  is  m 
known,  for  no  adults  have  been  kept  in  captivity  ;  vre  ha^ 
therefore,  also  no  tneans  of  forming  an  opinion  of  the 
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degree  of  Intellij,'cuce  which  they  are  capable  of  displaying 
in  their  adult  coudiliou.* 

We  labour  under  the  same  disadvantage  in  regard  to 
the  Gorilla,  though  Mr.  Moore,  tho  Carator  of  the  Free 
Public  Museum^  Liverpool,  has  given  us  some  interest- 
ing particulars  concerning  a  young  male,  three  feet  high, 
and  between  two  and  three  years  old,  which  was  brought 
to  that  city  by  the  German  African  Society^s  Expedition. f 

"  Conld  it  hare  graced,"  saya  this  obaerver,  "  our  Zoological 
Gunlens,  it  would  have  been  the  lioa  of  the  day;  for  in  additioa 
to  the  great  scientific  interest  of  the  species,  tho  abounding  life, 
energy,  and  joyous  spirits  of  this  example  would  have  made  it 
a  nniveraal  favourite.  Courteously  received  at  Kberle's  Alex- 
andra Hotel  by  the  members  of  the  Expedition,  I  found  the 
creature  romping  and  rolling  in  full  liberty  about  the  private 
drawing-room,  now  looking  out  of  the  window  with  all  becom- 
ing gravity  and  sedatenetm,  as  though  ititerestcd  but  not  discon- 
certed by  the  busy  multitudo  and  novelty  without,  then  bounding 
rapidly  along  on  knuckles  and  feet  to  examine  and  poke  fan  at 

•  The  importance  of  Attention  as  one  principal  factor  in  the 
intelligence  of  animals  is  illustrated  by  the  following  interesting 
facts  communicated  to  Darwin  by  "Sir.  Bartlett,  of  the  Zoological 
Gardens: — "  A  man  who  trains  Monkeys  to  act  used  to  purchase 
common  kinds  from  the  Zoological  Society,  at  the  cost  of  five 
pounds  each,  but  he  offered  to  give  double  that  price  if  he  might 
keep  three  or  four  of  them  for  a  few  days,  in  order  to  select  one. 
WhL'H  asked  how  he  could  possibly  so  soon  loarn  whether  a  par- 
ticular Monkey  would  turn  out  a  good  actor,  he  answered  that  it 
all  depended  upon  their  power  of  attention.  If,  when  he  was 
talking  and  expluiuing  anything  to  a  Monkey,  its  attention  was 
eaHily  distnicted,  as  by  a  fly  on  a  wall  or  other  triHing  object,  the 
case  waa  hopeless.  If  he  tried  punishment  to  make  an  inattentive 
Monkey  act,  it  turned  sulky.  On  the  other  baud,  a  Monkey  which 
carefully  attended  to  him  CJJuld  always  be  trained."  The  tendency 
to  imitation  which  Apes  and  Monkeys  often  manifest  in  a  high 
degree,  doiibiless  much  facilitates  their  acquisition  of  new  motor 
accomplitthnients. 

t  Quoted  in  CaascU's  •'  Nat.  Ui^t."  vol.  i.  p.  35. 
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•ome  uow  comer,  pluyfuUy  mainbling  at  bis  oalvest  pu^lJng  At  Kia 

beard  (a  speciiil  deliglit).  clinging  to  his  arms,  examining  kis  bat 
(not  nt  all  to  its  imprnrement),  curiously  inqnisttive  aa  to  hu 
uuibrellur  and  so  on  with  visitor  after  visitor.  If  he  becomes  over*. 
exciU'd  by  the  fun,  a  gentle  box  on  the  ear  would  bring  hinr\  toorderjl 
lilic  u  child,  only  to  be  ou  therompa  agnin  immediately.  He  points^ 
with  the  index<fin^er,  chips  with  his  bands,  puts  out  his  tongue^ 
feeds  on  a  mixed  diet,  decidedly  prefers  roost  meats  to  boiled,  eati 
strawberries,  an  I  saw,  with  delicate  appreciative n ess,  is  exqiiwitivcly 
olenn  and  mannerly.  The  palms  of  bifl  hands  and  feet  are  bcautU 
fully  plump,  soft,  aud  black  as  jet.  He  has  been  eif^t  months  and 
a  half  in  the  possession  of  the  Expedition." 

TLiB  Qiiinittl  Mas  very  shortly  afterwards  taken  toi 
Berlin,  and  a  paragrapb  in  "  Nature,"  Nov.  9, 1870,  drives 
some  further  interesting  particulars  concerning  him,  which 
were  communicated  by  Dr.  Hermes  to  the  meeting  of  the 
*  German  Association  of  Naturalists  aud  Physicians.' 

"  He  nods  and  claps  hiB  hands  to  visitors;  wakes  np  like  a  man, 
and  Etretdies  bimnelf.  Hi^keeper  mnst  always  be  beside  him,  and 
cat  with  hini,*'  Tlioy  partake  of  the  same  food.  He  sleeps  for 
ei>,'ht  hours.  "His  easy  life  has  increased  hia  weight  in  a  few 
months  from  thirty-one  to  thirty-seven  pounds.  For  some  we<-l 
lie  h.-id  iniluinnialion  of  the  lungs,  when  his  old  friend  Dr.  Falkea- 
stcin  was  fetched,  who  treated  hirn  with  quinine  and  Ems  water, 
which  made  him  better.  When  Dr.  Hermes  lefl  the  Gorilla  on  the 
jirevioufl  Sunday  the  latter  showed  the  doctor  his  tongne, 
chipped  hiii  luxiids.  and  squeezed  the  hand  of  the  doctor,  ai 
an  indication,  the  latter  believed,  of  hia  recovery.  In  fact  the 
Gorilla  is  now  one  of  the  moat  popular  inhabitants  of  the  Pmsaian 
capital. "  In  July,  1877,  he  paid  a  visit  to  Londun,  and  fully  sas* 
iaioed  the  reputation  he  had  already  acquired. 

Speaking  of  an  Orang   which  he  hud  examined  an4j 
watched,  Buffon  says  : — 

"  Its  air  was  melnncholy,  its  def)ortmpnt  grave,  its  nataro  moi 
gentle  and  vupy  ditfercnt  from  other  ajWH.     Unlike  the  buboon  ofj 
llio  monkey,  whose  motions  are  violent  and  appetites  capricious,' 
«t»rt  arc  ftiiid  of  uiiuchiff.  and  only  oU-dieat  through  fear,  a  lookj 
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wossafHcienttokccp  it  in  awe.  I  haveneen  it  gircits  hand  to8lio\r 
the  company  to  the  door,  that  cuuie  to  sec  it.  uiid  it  would  walk 
gravely  with  tliem  as  if  one  of  the  society.  I  have  seen  it  sit  at 
table,  unfold  its  napkin,  wipe  its  lipn,  make  use  of  the  spoon  and 
fork  to  carry  the  victuals  to  its  mouth,  pour  out  itii  drink  into  ft 
glass,  touch  g1u3»ea  when  invited*  take  a  cap  and  saucer  and  lay 
them  on  the  table,  put  in  tiugur.  [>our  out  it^  tea,  leave  it  to  cool 
before  drinking,  and  all  thia  withovituny  other  instigation  than  the 
stgna  or  command  of  it«  master,  and  ofteu  of  its  own  accord.  It 
v;aA  gentle  and  inoffensive :  it  even  appnuiched  strangers  with 
TVspecU  and  oauie  rather  to  receive  caresses  than  to  offer  iujories : 
it  ate  of  almost  everything  that  wus  offered  to  it,  but  it  preferred 
dry  and  rijw  fruit  to  all  other  ulimeuts.  It  would  drink  wine,  but 
in  sniuU  quantities,  and  willingly  loft  it  forniilk»  or  auy  other  sweet 
liquor." 

Aguia  ia  regard  to  the  high  degree  of  lutelligciico  of 
the  Oraiig,  we  hare  the  following,,  on  the  best  of  testi- 
mony, from  Leuret,  who  fiaya*; — 

"One  of  the  Orangn.  which  recently  died  at  the  Mtiuagerio 
of  the  MuHee,  was  uccustomed,  wheu  the  dinner-hour  had  come, 
to  open  the  dix>r  of  the  room  where  ho  took  his  meals  in 
com[ULuy  with  severul  ])eraouu.  As  he  was  not  eutHciently  tail  to 
reuch  as  far  as  the  kry  of  the  door,  be  hung  ou  to  a  rope,  balanced 
Limnelf,  and  after  a  few  oscillations  very  quickly  reached  the  key. 
Ilis  kei?per,  who  was  rather  worried  by  bo  much  exuctitudCfOne  day 
took  occauioQ  to  make  three  knots  iu  the  rope,  which,  having  thus 
been  made  too  short,  no  longer  permitted  the  Oraag'Outuu  to  seize 
the  key.  The  animal,  after  an  inetfectual -attempt,  raotjuizliuf  ike 
nature  of  Ihe  ubstade  which  opposed  hU  dtitiro,  cUinbvd  ujt  ike 
tope,  pUtctid  hiinjiot/ abfwe  tho  knots,  and  untied  all  tUrcf.,  in  the 
presence  of  M.  Geoffroy  Suiut-Hilaire,  who  related  the  fact  to  mc. 
The  wime  ajte  wishing  too[>cn  a  door,  his  kecj>er  gave  him  a  bunch 
oftitleen  keys;  llie  ape  tried  them  in  turn  till  lie  had  found  the  one 
which  he  wanted  Another  time  a  bur  of  iron  was  put  into  hia 
hundn,  and  he  made  use  of  it  as  a  lever." 

Unfortunately  nothing  is  said  as  to   the   age  of    this 
auimalj  whose  power  of  realiziug  the  nature  of  unfamiliar 
*  '  Anat*  Comp.  du  Syst.  Ncrv.'*  t  i.  p.  510. 
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About  the  middle  of  tlie  last  century  the  celebrated  David 
Hartley  wrote*: — "It  is  remarkable  that  Apes,  whose 
bodies  resemble  the  human  body  more  thau  those  of  any 
other  brute  creature,  and  whose  iutellects  also  approach 
nearer  to  ours — which  last  circumstauco  may,  I  suppose, 
have  some  connection  with  the  first — should  likewise 
resemble  us  so  much  in  the  fucully  of  imitation.  Their 
aptness  in  handling  is  plainly  the  result  of  the  shape  and 
make  of  their  fore-legs  and  their  intellects  tof^elher,  as 
in  U3,  Tlieir  peculiar  chatterinf^  niay  perhaps  bo  some 
attempt  towards  speech,  to  which  they  canuot  attain, 
partly  frem  the  defect  in  the  organs ;  partly,  and  that 
chiefly,  from  the  narrowness  of  their  memories,  appre- 
hensions, and  associations." 

If  the  anthropoid  Apes,  possessing  as  they  do  such  a 
well  defined  basis  of  Intelligence  and  Emotion,  were 
endowed  with  Articulate  Speech,  so  that  thoy  might 
benefit  and  mutually  instruct  one  another — even  merely 
by  oral  traditions  and  communications — how  great  a  pro- 
gress in  the  degree  and  range  of  their  Intelligence  might 
be  expected  after  a  few  hundred  generations  had  lived 
under  the  iuflnence  of  such  conditions. 


I 


»  ••  Obscrvttlion»  on  Mun,*'  6th  Ed.,  1834,  p.  165. 


CHAPTER   XIX. 


DEVELOPMENT  OF  THE  HUMAN  BBATN  DPniXa  tJTEniNR  LI 


In  the  long  Bsia  of  ibe  clear  '  prerminal  area*  of  tlie  hui 
impregnated  Ovum,  there  appears  an  opaque  lino  of  young 
tissue  known  as  the  '  chorda  dorsalis.* 

Above  this,  and  along  its  entire  extent,  a  shnllow 
'primitive  groove*  is  found,  which  Boon  becomes  bounded 
on  each  side  by  an  up-growing  lamina  of  new  embryonie 
tissue.  These  lamina}  gradually  approach  ono  another, 
and  ultimately  unite  over  the  before-mentioned  'primitive 
groove*  80  as  to  form  a  distinct  tube  closed  at  each  end. 

The  internal  layer  of  this  tube  grows  in  thickness  so 
that  its  bore  hecomes  t]^uduftlly  narrower.  It  soon  differ- 
entiates also  into  two  distinct  textures.  The  most  internal 
of  these,  viz.,  that  iniiuediately  surrounding  the  diminished 
central  canal,  is  composed  of  embryouic  nerve  tissue,  and 
is  destined  to  develop  into  the  Cerebro-Spinal  Axis. 

The  diameter  of  this  hollow,  rudimcntaiy  nervous  axis 
is  not  uniform  throughout  its  whole  extent.  Even  before 
the  laminiE  completely  close  over  the  '  primitive  groove,* 
tho  anterior  extremity  of  the  embryo  tube  swells  into 
three  dilatations  immedintcly  contiguous  to  one  another; 
and  it  is  from  tho  nerve  tissue  in  these  swellings,  together 
with  that  of  certain  important  outgrowths  therefrom,  that 
the  several  parts  of  the  Iluniuii  Brain  aro  developed. 
From  the  portion  of  the  tube  behind  tho  three  swellings 
the  Spinal  Cord  is  formed. 
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The  mode  of  origin  of,  as  well  as  the  early  changes 
tukinp;  jilace  in,  these  three  nervous  vesicles  are  essentiully 
Biiuilar,  up  to  certain  stages,  throughout  the  Vertebrata. 
From  such  a  basis,  common  to  all,  the  several  types  of 
Vertobrate  Brain  are  dovelopod.  Oar  attention  must,  how- 
ever, now  be  con  lined  to  tracing  in  brief  outUne  the  mode 
in  which  the  brain  of  Man  gradually  develops  from  the 
simple  stages  common  to  it  and  the  Vertebrata  geuerally. 

In  order  that  tbe  reader's  attention  may  be  more  effectively 
concentrated  npon  the  subsequent  changes  underjfono  by  the  three 
ewcUiiigd  of  the  primary  nerve  tube,  it  ma^  be  well  here  to  anticipRto 
a  little,  and  state  what  arc  tlie  several  parts  of  the  Brain  which 
gradiially  develop  from  them  or  their  derivatives. 

The  PoHitrioi-  SwcUlng  (or  Hind-brain)  beconiea  divided  into  two 
regions,  of  which  the  hiiidermost  corroaponds  with  what  aubec- 
qncntly  develops  into  thu  posterior  hnlf  of  the  MeduJUi,  and  here 
ia  the  sitaatton  of  the  Fourth  Yontricle  the  upper  wall  of  the  tube 
becomes  thinned  uway  till  all  nervous  matter  disappears,  and  only 
a  mere  mcmbrune  remains  (*  pia  mater')  to  roof  over  the  space 
above  menlioQ^-d,  which  is  coiiliniioiid  with  the  central  canal  of  the 
tnbe  behind  it.  The  anterior  region  of  this  Hwelling  correHponJa 
with  the  anterior  half  of  the  Alvdulla.  From  the  back  or  eidea  of  it 
there  (jrows  a  distinct  seprment  of  the  future  brain,  viz.,  the  Oere- 
ht'llnm  (fig.  122,  c  b).  Much  later  on,  when  tlie  lateral  lobes  of 
the  Cerebt'llura  have  made  their  appearance,  this  region  of  the 
Mt'dulla  ia  crossed  below  by  the  Pojia  Varolii  {p). 

The  U'vidU  StcelUuff  (or  Mid-bmin)  afforxls  the  matrix  from 
the  npper  part  of  which  develops  the  Optic  Lubce  or  Corpora 
Qiutdriffemitia  (fig.  122,  q).  From  the  lower  part  are  differentiated 
prolongatinna  from  the  fibrous  *c«lnran8'  of  the  Cord  and  Medulln, 
known  as  the  Cerebral  PvJanclt:8  (r).  The  cavity  within  this  swell- 
ing ffradually  diminiahes  till  in  Man  it  persists  only  as  a  narrow 
passage  (l)  between  the  cavities  of  the  Hiud  and  of  the  Fore- brain 
(the  Fourth  nnd  Third  Veutricles)  {a  c).  This  passage  is  known 
us  the  'Sylvian  aqtUiducC 

The  Aiit'-riur  StorHintf  (or  Fore-brain)  undergoes  rcmarlcable 
modifications,  principally  on  account  of  certain  extraordinary  out- 
growths to  which  it  gives  rise.     From  the  sides  of  this  swelling 
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are  developed  other  portions  of  the  Cerehral  VedHndea  and 
the  Tluthtmi  wliicU  rcat  upon  and  grow  aa  ganglionic  tliickeiiin| 
from  the  latter  structures.  Its  diminished  cavity  peruislB  as  tl 
future  Tfiird  Vinttricle  (a).    Ita  roof  becomes  gradually  Uiinaf 


Fm.  132  ~Dtflj?ramii  Ulustntlnjr  Uie  ViognmbirQ  CtiiU)gc<  tliol  Uke  pIoM  dt 
the  EaHj-  UUges  of  the  DaTelopmeot  uf  thti  Dnitn.     (Mivart.) 

1.  Euriy  ooiKlittoD  of  Brain  whan  It  c<jiuists  of  tbre«  bollow  v««lQ]ei  («  ^r\ 
emvitjr  of  which  U  ootitinuooa  with  the  wlile  cavltjr  {^)  ot  the  prii&nin 
C(ml(w). 

3.  Here  the  flint  vatlclo  or  Forc-lnulo  hoa  doTolnpod  the  Pineal  Brtity  (>»0 
and  the  Pltoltary  Body  (  p  1}  tMlnw.  Tbe  ^.ill  nt  the  ontorior  end  of  the  firel 
is  the  future  '  UtntiiA  tertDlniUlB '  (ly 

S.  This  fiffiire  Rhows  tha  Corcltfutn  (e  r)  biidilintf  from  the  first  vc«kle,  tta  Ul 
]i«rt  (u)  hetng  prolouffcd  u  tho  Olfiictory  l/>b« :  tbo  CATiiy  u(  iho  Cemtnim 
lnri|>iant  'iNtend  »Mi(riclo*)  cnmmunicittliig  with  tliat  oC  thp  Olf-ictory  L/ibe 
front,  and  with  that  of  tbe  6rst  Cenbnl  Veslcto  behind  (tbti  Utter  cAviKy 
u  the  future  '  tliinl  voiitrido ').  Tlio  Utter  coiumuuiiatlott  Liko*  idace  tUiuuglt 
'furainuQ  of  Minro.'  Tbo  walli  of  the  three  primitfTe  veiiclea  are  tweonlBg  e< 
uneqiMl  thicknuu,  and  tbo  cnrlty  {h)  at  the  middle  Toricle  U  becomtof  reduced  ta. 
rol*tlTo  «lee. 

4.  Tbo  Cerelirum  b  hero  enUrBed,  and  the  IneqanUtj^  la  thlokneea  o|  the  ««ir 
the  primltlro  vcMlctoKijiiniTeucN].    Thvgnmterdovelopmonl  of  liio  Ctorebeltutt  ((  AiC 
the  Pom  (  p)  anil  the  Corpora  <^aadrl|{onilnn  (7X  show  thia  dint  Inctlr. 

.'>.  Tills  Qjo^iv  ihi-twA  the  Cerebrum  ttill  more  euluiyed,  and  contalalil];  a  tH*r«dlata 
cnrlt/  (f,  1,  3,  ,1).  Tbo  part  dcitlood  ta  furro  the  Fornix  (/),  whk'li  In  Sn.  4  vae 
above,  ho*  uuw  coioo  to  l<>cik  illchtly  downwiu>i«.  and  pralonitnt4oui  (rnui  U  bevtu  te 
extend  toward*  the  '  corpora  alblcantla '  {m  a),  r,  coR«>pcmda  with  the  altuatluti  ul 
the  'Tolum  liitcnMMituin.' 
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away  till  mere  mcmbriuie  is  lefl— tbo  *  cdum  inhrpoaitum;*  ftt  the 

posterior  ami  upper  niargia  of  this  vcatriclo  the  I'in'al  body  (;>2) 
appears,  while  its  Hoor  is  prolonged  into  tlie  ivfundihulumt  which 
BubfteqneuUy  comes  into  connection  with  the  Pituitary  body  {pt). 

But  at  a  very  early  period,  and  before  the  above  described  parts 
arc  distiugaiahablc.  an  outgrowth  (c  r)  bnds  on  each  side  from  the 
Anterior  Swellinjf.  ITiese  ont|trrowlhs,  which  are  at  first  direcli'd 
downwardii  and  forward».  aro  hollow,  and  each  communicatoB  with 
the  Third  Ventricle  throngh  an  aperture  known  aa  the  'foramen 
of  Mnnro.'  Subsequently  tht'RC  outgrnwtha  undergo  an  onormona 
develupment  and  constiluto  the  two  Cvrrbral  IlentispJicres^  while 
their  conloinod  cavities  jwrsifit  afl  the  *  Lnioral  Vtmtricl^e/  andtho 
Corpora  Striata  develop  within  ihcnu  From  each  embryo  Hemi- 
sphere another  hollow  bnd-liko  outgrowth  dcrclope  anteriorly,  and 
tlieso  (o)  conBtitutfl  the  Ot/aclory  Lobes  and  their  peduncles. 

From  the  point  of  view  of  its  dcTelopmeutal  history,  therefore, 
the  entire  brain  is  capable  of  division  into  three  principal  parta  : — 
(1.)  The  Fore-brain,  consisting  of  the  Olfactory  Lobes,  the  Cere- 
bral Hemiflpheros,  and  the  parts  surrounding  the  Third  Ventricle; 
(2.)  the  Mid-bratn,  consiiitiug  of  the  Corpora  Qnadrigemina,  and 
the  Crura  Cerebri;  (3.)  the  Hind-Brain,  consisting  of  the  Cere- 
bellum, the  Fous  Varolii,  and  the  Sledulla  oblongata.  Of  theso 
principal  parts,  the  Fore  brain  admits  of  snbdivision  into  three  dis- 
tinct aegmenta,  (a)  Olfactory,  (6)  Hymisphenal,  and  (r)  Thalaroary ; 
and  the  Uind-brain  into  two  segment*,  (a)  (Vrebellar,  (/>)  Oblr«ngnte. 
The  Mid-brain  needs  no  further  aubdiviflion.  This  chiBsilication, 
given  some  years  ago  by  Huxley,  has  the  merit  of  simplicity  when 
compared  with  other  rather  cumbrous  nomenclatures  now  in 
vogue.* 

In  Bg.  122  the  beginnings  of  these  six  principal  brain  segments 
fire  pretty  plainly  indicated  by  the  parts  to  which  the  following 
letters  of  reference  are  attached:— ^o,  cr,  a,  6,  c,  m. 

Afler  this  prdimiuary  statement,  a  more  detailed 
account  may  now  be  given  of  tlie  changes  undergone  by 
tho  primitive  nerve  tube  with  its  cephalic  swellings,  with 
the  view  of  giving  the  reader  some  notions  as  to  the 
order  and  times  of  occurrence  of  the  several  changes. 

*  Bee  Gegenbauer*5  "  Elements  of  Connpar.  Anat."  (Engl.  Trans.) 
p.  503. 
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At  a  very  early  Rtajje  of  (Icvrlopnient,  believed  bj  Tie3( 
mann  to  be  about  the   7th  week,  the  priiuitive  Derr^ 
axis  or  tube  undergoes  a  series  of  bendicgs  (fig,  123,  a)J 


Flo,  123.— 8k«*^hca  of  the  earl7  firm  of  Uio  porta  of  tiie  C«rclin>-«x>itul  Asb 
Um  llutnan  Embrjo.    (^ShariK-y.  after  Tic<Iem«na.) 

A.  At  tbe  uvwitli  wMk,  latum]  rivir ;  1,  vqifual  cord;  3,  medulla  vbkiegats; 
B,  oovtoellum :  i,  tiicMnoapbiilon :  h,  6.  7,  eerebmin. 

B,  St  tbo  atntli  w«tk.  puatoiiwr  view.  1,  mo'luUa  oblongata;  1,  oenbcUun; 
8,  mMencc|4iak>a  ;  4,  9.  thaloml  o]iUel  and  cerebral  bemltpbens. 

C  and  D,  lateral  and  prnterinr  rleWR  of  the  brain  of  tbe  bitmon  vmlhrjo  M  It 
ippeui  U  tbo  kwetf^h  w««kt>(  Intra-uterUie  life,  a,  oenbnun;  6,  <w|mB  qoHtrV 
gemliui;  e,  cerabdiiiiu  ;  i^,  medulla  oblonguttt:  tha  tltalanU  am  now  covered  fetf  llM 
enlarged  bomlapboten. 

K,  {KMterlor  tIow  uf  the  a&mo  bnin,  dfaiectcd  to  thow  tbe  dee|»er  porta.  1,  »» 
dulla  oblongata ;  2,  ccrobt-lbtm ;  H,  oorpora  quadrlgeinina ;  4,  tfaalaml  i^ttrf  ;  b,  the 
hcnilepbcro  tumud  aMlde ;  R,  Uio  corpoii  etriatum  embedded  ia  tbe  bctolvpbeie ; 
7,  tlie  coramotict'aicnt  of  tha  oorpiu  cnllueum. 

V.  tbo  Inner  aide  of  the  riffht  half  of  tbe  aame  brain  feparaled  by  a  Tortieet 
median  eeirtlon.  ebowing  the  central  or  Tcntrlcular  oarity.  1,  S,  tbe  afdnttl  est^ 
and  medulla  oblongata,  still  boUuw  ;  A,  bend  at  which  the  pom  VeroUJ  la  fotmrt; 
4,  cfrobellum  ;  5.  luinlua  («U|icrlor  eereboUer  pedutioke)  paeslng  up  to  the  eorpw 
qiiiujritfvinliu :  0.  crura  cerebri ;  7,  corpora  quadrlgemtna.  ntUl  hollow .  a»  third 
vMitriL-le  ;  0,  InriiudltniliiDi ;  10.  tltalamiie,  now  sDlId ;  11,  optic  nem ;  11^  afwrtuw 
lending  Into  tbe  Utenl  ventricle ;  IS,  commencing  corpua  cKJloeum. 

The  *  posterior  swellinp;  '  becomes  bent  upon  itself  so 
that  its  two  regions  |2.  n)  ore  nearly  nt  a  right  angle ; 
while  theuce  onwards  tl»e  parts  form  a  curve  (4,  0,  0>,  wbicU 
is  directed  forwards  and  downwards. 
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.This  be»t  tube  gradually  undergoes  various  modiBca- 
tioDS,  due  to  the  progressive  tbiuning  away  of  its  walls 

in  certain,  places,  and  to  local  tliickc'iiiu^  (awiiifr  to  the 
growth  and  development  of  new  nerve  matter)  iu  other 
parts.  These  latter  regions  of  increased  thickness  corro- 
Kpoud  with  future  gan<,'lionie  centres,  which  gradually,  in 
the  regions  already  indicated,  develop  into  Ihe  Cerchelhim, 
Pons  Varolii,  Corpora  Qnadrl- 
gemina.  Crura  Cerebri,  Thalami, 
and  Cerebral  Hemispheres  Avith 
their  enclosed  Corpora  Striata  and 
*  various  commissures/ 

Prom  the  7-9th  weeks,  the 
'  middle  swelling  *  or  vesicle  (Me- 
sencephalon^, representiiif^  the  fu-  Pw-  i2*.-v«rticai  wtticn  »t 
tare  Corpora  Quadngemimi,  is  tlio  ^f  Fourte«  We-k.,  u.,«nifl».i 
most  prominent  segment  uf  the  *^"*'^'"™*^"  <«*""T'^5-'^''-"»" 
brain.  The  Cerebellum  even  at  .(.iwre ;  c  ^  c»n«w  <»ii««i'n  be. 
the  latter  date  in  represented  only  ^A';";i!"^!rilt:/;'r:r 

*  '^    or  Munro ;  p,  meinDnno  over  tJio 

by  A  thin  lamella  stretching  across  u»i»^  Tonmcio  and  ibo  Vfiii«ii 
the  back  of  the  up|icT  part  ot  the  „.,rti  TeuWdo;  i.  ou^tory 
Medulla,  while  the  future  Cerebral  ^">*»;  f7.c^>rpomquadri«eminn; 
Hemispheres  exist  as  mora  oblong  thu^m  thv  'nqiicduetof  s^iviuB* 
amruUo;  (fiff.  122,  3,  projecting  ::^!;.Ti:',"r'rMct 
downward  and  torwards  from  tlie  p».  pit,n  v.uoUi:  .f..  me-iiuu 
original  '  anterior  swelling.'  From  ''^'**"«"*^ 
the  under  part  of  this  same  swelling  (ThalamencGphalon), 
projects  the  *  infuntlibulura,'  which  either  at  this  time 
or  a  little  later  becomes  connected  with  tho  Pituitary 
Body — a  structiii^  whose  real  nature  and  origin  are  still 
volved  in  much  obscurity.  From  about  the  eighth 
eek  also  the  Tlialameiicephalou  is  so  thinned  away  above 
(fig.  12*2,  r)  that  tho  *  third  ventricle  *  becomes  covered 
only  -by  membrane — tho  '  velum  iuterpoKitum.'     At  tho 
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Upper  and  posterior  luarffiu  of  tLis  ventricle  the  •  Pineal 
body'  soon  appears,  ami  also  its  *pciluncle.s  *  which  extend 
forwards  on  each  side. 

By  the  12th  week  of  intmuterioc 
life,  the  coDfiguratiuu  of  the  Brain  haa 
nudergone  a  very  marked  change;  first' 
by  reason  of  the  increased  size  of  the 
Cerebellum,  (6g.  123,  (7,  c)  which  is  now 
tJiicker  and  marked  by  a  median  lon^- 
tiulinal  furrow,  though  otherwise  smooth 
on  its  surface;  and,  Bccondly,  by  the  still 
luore  striking  development  of  the  Cere- 
bral Hemispheres  (C,  a),  which  have 
already  grown  so  much  backwards  as  com- 
pletely to  overlap  the  'third  ventricle* 
(fig.  123,  F,  b).  On  the  under  surface  ofl 
each  Hemisphere  an  Olfactory  Lobe  id 
now  very  distinct,  as  a  hollow  bud-like 
outgrowth,  the  cavity  of  which  is  con- 
tinuous ^nth  that  of  the  Hemisphere' 
from  which  it  projects. 

The  '  lateral  ventricles '  themselves^ 
Spinal rordufftFwiuaui  &r<^,  morcover,  coniiunouB  with  the  cavity 
Four  Mcnth..«.^u  fr.«n  ^f  j^j^^  Tbalumencephalou,  or  *  thii-d  von- 

behind.   (Mwrpcy.  »f1  or  * 

Boiiikcr.)  A.  Hciui-  tricle,'  by  an  opening  on  each  side  oi 
^'''C^'^^llH^litB  auteHor  extremity,  known  by  th. 
minn;  c,  cerrbetimn ;  name  of  the  'foramen  of  Monro.'  New 
Uio  fmirui  Tcntricie  ho-  this  Opening  a  transverse  band  begins  loj 

Ine  cverUpTod  »jy   tte  j^p      jj^      (j^^^^yg      ^ud      in      frout).      whicbi 

vicmintKi  iittnbor  iiwoii-  couuects  UjB  tvvo  hemispheres  and  is! 
^*''*"'^*'*^'^'- thought  to  correspond  with  the  com^! 
mcncement  of  the  great  transverse  commisfiure,  the  C-orpna 
Cullosum,  and  perhaps  also  with  tbe  Anterior  Commis- 
sure.    TLo  walls  of  the  Cerebral  Hemispheres  arc  \ei 


CiiAi*.  XIX.] 


DUKING    UTKRINE    MFE. 


339 


»; 


thin  and  bag-like  at  this  stage,  bo  that  each  enclosos  a 
very  large  'lateral  venlricU'/  within  which  a  riuliiiientary 
Corpus  Striatum  is  to  be  seen,  in  the  form  of  a  thick- 
enjn<»  of  its  uudor  and  outer  wall.  Thus  it  is  that  thoso 
bodies  come  to  occupy  their  will-kiunvn  position  anterior 
to  and  a  little  outsido  the  Thiilami. 

During  this  same  period  the  '  middle  swelling '  or 
Mcsencephulou  has  not  grown  at  all  proportionately,  so 
that  it  now  has  a  much  smjillcr  relative  size  (fig.  124,  c  q). 
It  is,  however,  marked 
by  the  appearance  of  a 
slight  longitudijial  fur- 
row, and  its  hinder  bor- 
der touches  the  Cere- 
bellum ((•').  Its  u]>per 
widls  are  comparatively 
thin,  forming  the  roof  of 
a   proportionately  large 

CavitV,  situated  between  fio.  l^U.-Bniln  nrnunann  rootiw,  of  Fourth 
tlieltuni  ana  lOUrtU  Ven-  sijo  view.  witlii:«rel»rum(f)llUcduiwiuxl«  and 

tricles.  thouch  the  cavity  '"""»"^'''  •" "  ^  'HK-ovn-  iiio  n.n»>ru  qrt«iHg«. 

'  ^     .  ,         •'   mitia  >y»y,  aatl  tUo  bllobed  LctcImjIIuiu  (c  c). 

subsequently  diniiuishea 

BO  as  to  form  a  mere  pasHago  between  tliese  ventricles. 

The  relatively  largo  Medulla  still  preserves  its  primitive 
bend.  Its  upper  hulf  is  bridged  over  by  the  Cerebellum, 
while  at  the  back  of  its  lower  half  is  the  widely  open 
*  fourth  ventricle/  the  lower  part  of  which  is  continuous 
with  the  central  canal  of  the  remaining  portion  of  the 
primitive  tube  now  developing  into  the  Spinal  Cord. 

By  the  end  of  the  4th  month  the  principal  addi- 
tional changes  wliich  have  been  noted  uro  these.  The 
Cerebral  Hemispheres  become  still  hirger  and  tend  more 
and  more  to  eclipse  other  parts.  They  already  stretch 
back  over  the   future  Coi-pora  tjuadrigemina  (tig.  126). 
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A  rudimeutarj  '  fis8uro  of  Sylvius  *  is  to  be  seen  on  ibe 
outer  surface  of  each,  and  from  this  wide  and  deep  sulcus 
a  number  uf  shallow  fissures  have  been  described  by 
Gratiolet  and  others  (corresponding  with  internal  promi- 
ueucea  on  the  walls  of  the  lateral  veutricles).  These 
appearances  are  believed  by  some  to  Iw  artiticial ;  but 
whether  artiOcial  or  natural,  all  are  a^i^ed  that  they  dis- 
appear after  a  time,  as  tlie  walls  of  tlie  *  lateral  ventricles' 
become  thicker.  Thou  it  is  that  the  permanent  'tissures* 
and  '  convolutions'  begin  to  be  developed  on  the  c^EterDul 
surface  of  the  Cerebral  Hemispheres. 

At  this  period,  too,  the  Corpora  Striata  are  distinctly 


Flu.  137.— Tltmln  at  TurUe  :,Ci«i--  •/.  ^i^^  vLow.  for  ooraporiaOD  with  Ijut  ftgunk 
(Owen.)    C,  CcMtwUtna ;  O.  iiptfc  lobM  [  P,  (?«nbram  :  R*  oitactAry  lobes. 

larger,  and  not  far  from  their  anterior  extremities  a  short 
and  nearly  vorticnl  Corpus  Callosum  is  recof^niKable  (not 
very  different  from  that  which  exists  in  Marsupials). 
The  ..\uterior  Commissure  is  slender  but  distinct.  The 
Middle  or  Soft  CoinniiHsiiro  exists  in  the  form  of  a 
lurj^'o  rounded  projection  from  the  inuer  face  of  each 
Thalamus,  thouj^h  the  two  prominences  have  not  yet  come 
into  contact  with  one  another,  so  as  to  form  an  aotaal 
Commissure. 

The  cavity  within  tbo  Optic  Lobes  is  even  larger  than 
it  was  at  an  earlier  date.  The  hit/Mul  lobes  of  the  Cere- 
bellum have  develojMid  notably,  whilst  they  are  separated 
IVoKi  one  another  (lig,  126,  c)  by  a  median  depression — 
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indicativo  of  tlie  nlinoat  complete  absence  at  (bis  pDrlod  of 
the  Median  Lobo. 

On  examining  ibc  baso  of  tbe  bruin,  tbo  Medulla  is 
found  to  be  large.  Tbo  '  anterior  pyramids,*  and  tbe  rudi- 
ments of  tbe  'olivary  bodies'  onlMidc  tbtm,  are  quite 
distinctly  reco^iizable.  A  tbin  baud,  marked  by  a  median 
furrow,  is  to  be  seen  Btret<.*binf;  across  betftoou  Ibe  lateral 
lobes  of  ibo  Cerebellum.  Tbis  is  tbe  ihst  trace  of  tbe 
*  pons  Varolii.'  In  front  of  it  arc  tbe  Cerebral  Pednncles; 
between  tbese  latter  are  the  '  coj-pus  albiiuMs'  nud  tbe 
'tuber  cinerenm,'  and  in 
&ont  of  tbis  last  ties 
tbe  'commisanre'  of  tlir 
Optic  Nerves.  All  tin- 
other  cerebral  nerves  are 
distinctly  reco«;iiizablL'. 
tboui^h  tb  ey  a  re  e  s- 
tremely  ulender  at  tbis 
peri(KL 

After    tbis     epocb    tbe      '■"^-   IM.-Hio  Oirtw   Surface  of  tho   Kieti.l 
,         ,  4.      *  Ii       1       •      '^'"•**"  ■'^  ***  Xofitht.  (Sbiirptry.  aftur  It.  Wrt(,-ncr. ) 

deTeJopment  of  the  brain  Tt.uami  tiio  next  figure  «tu  mtenaea  u^^Uow 

goes  on  aceordin*'  to  *''"  commonooiiMiit  o*  tbo  furmAtinn  <rf  Ibo 
^         .  *  '^  prinripiU  fi.-Miiroa.     F.  Prontnl  lobo ;  P.  parlcUl ; 

Gratiolet,  with  moat  SUr-  <J.  wcii'ltal ;   T,  tmnporul:  aa  a.  •HKbt  appCAT. 

prising  rapidity.    By  the  ^^.^^.^^  g^,,^ .  y^  ^^^  ^..^^^^^  ^,^(^,^^ .  ^;  ^^^^ 
end  of  the  5th  month,  **^**""'''"'^'' **"***"'^ '****""'■'"''""*  **'***"; 
the  growth  of  the  Cere- dicuimfiM^re. 
bral     Hemispheres    has 

l>ecn  80  pfreat  that  they  completely  cover  not  only  tbo 
Corjjora  ynadrij^rmina  but  also  the  now  larfjer  Cerebellum, 
Tbe  *  Assure  of  Sylvius '  is  wide  and  open  (tifc-  1*28),  bo  as 
to  leave  uncovered  tbe  central  lobe  or  *  island  of  IteiL* 
Tbe  be^nning  of  tbe  '  fissure  of  Rolando '  is,  at  ibis  period, 
sometimes  recognizable, M'bile  tbe  rudiments  of  convolutions 
are  to  be  traced  upon  tbe  frontal  lobes  and  other  parts.     1'he 
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walla  of  tLe  HtnnisplieroB  aud  also  of  the  Optic  Lol 
Lave  acquired  a  much  greater  thickness  and  the  prmci] 
'  coiDmissurcH '  have  in  great  part  assumed  their  tvpit 
condition.  This  is  the  case  more  especially  with  the 
Coq>ua  Callosuui  and  the  Fornix,  between  \^hich  the 
*  fifth  ventricle  *  has  begun  to  appear.  The  two  halvi 
of  the  Middle  Commissare  have  also  grown  together. 

During  the  same  period  the" 
Cerebellum  has  undergo] 
important  changes.  From  tl 
end  of  the  fourth  month  the" 
dovelopmcnt  of  its  *  latei 
lobes '  takes  place  at  a  alowi 
rate,  uiul  the  previously  absent 
*  median  lobe  '  not  only  begii 
to  appear  but  also  become 
marked  on  the  surface 
three  or  four  transverse  fob 
The  *  lateral  lobes  *  are  still 
perfectly  smooth— though  by 

rJi'^Bmi^I^UX'.rTH.:^':*!^^  e»d  of  the  sixth  month 
•fter  B.  wt^Dcr.)  Luityr*  of  i*tcrc«*co  they   also  have   acquired  nn- 

merous    transverse     fissures. 

The    pons    Varolii,    as   already    intimated,    undergoes    a 

development  correlative  with  that  of  the  lateral  lobes  of 

the  Cerebellum. 

In  the  remaining  important  section  of  intrauterine  Iti 

fVom  the  6th  to  the  end  of  the  9th  month,  the  develo] 

mentjil  changes  in  the  Cerebrum  are  much  more  marki 

than  tlioy  are  in  tlic  CerelH^lluui.    The  walls  of  the  Cerebi 

Hemispheres  become  thicker,  and  there  is  a  proportionate 

diminution  in  the  capacity  of  the  '  lat<'ral  ventricles/  the 

three  *  horns  *  of  which  now  become  quite  distinct.     The 

Corpus  Callosum  asstuucs  a  more  horizontal  direction, 
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whilst  it  inoreascs  both  in  thickueas  ami  in  length.  It 
reaches  back  aa  far  as  tho  Optic  Lobes,  which  are  now 
marked  by  a  trausverse  furrow,  ami  thus  appear  as  true 
*  Corpora  Qiiadrigcmina.*  The  Occipital  Lobes  of  the 
braiu  become  more  dovelopeil.  The  general  outline  of  the 
Hemispboroa 
seen  from  above 
in  that  of  au 
elongated  oval. 
During  the 
sixth  mouth  a 
suqirising  devel- 
opment of  the 
Fissures  and 
Convolutions 
takes  place,  so 
tliat  early  in  the 


'lo.  i:io 


Viow  ut  (.lie  inner  Hurfin-i 

seventh    month  tuo  vveux  nrain  r.;  »t>.>ut  su  Mnthi 


uf  tlio  Right  Bull  ot 

C!ih;ir|wy,  after  Roi- 

F,  FronUl  lube;  P.  paricUl;  O,  occiritaJ  :  T.  tcm. 


ail  tue  plinCipal  ^^^.  ,  .^f^^^,^  ^^^^^,.  j,^  riglU  optic  norvo;//.,  calUwo- 
of  them  are  dis-  wwrsrinal  SMuro;  p.  pcrpcufitcular  fljisure;  p',  int«rniU  por- 
...  J.       piii^tictiidT  fiiMiire;  A,caiuariuc  fiiuiure;y|r,  gyruM  foniicatua; 

tinClly  iraceaoie.  rr,  c<»n>«»  aUliwuui;  *,  (teptmn  liicldtim:/,  placed  between 
T  li  0  Se  which  *•** "'••i*''^  comnii««iro  tuid  the  furAroen  of  Monro;  v.  In  tb* 
upiMjr  part  of  tho  tliirU  vcntrlole,  ImnicdiatGly  below  tbo 
manifest  them-  velum  iDtcrpOAltum  ftnil  fomlx  ;  r'.  In  the  bock  purl;  of  tlio 
e^l  I'fts  firRf  nn  ^^^  ventricle  below  the  pinaal  gland,  and  before  the  eutranee 
senes  nrsi  on  ^^  ^^^^  Mqueduft  of  Sylvlu*;'  v:  in  the  lower  part  of  die 
the  external  Slir-  tlilrd  vcutriclonhufotholnfuudibulun] ;  r,  proociuiUM  |>inoalb 
.  .  1       .  i<       poiwinit  biiclcwiuxU  ^m  tbe  tola  Btiuroidoa ;  v  r.  pon«  Varolii : 

face  are  the  •  hs-  ct,  Corebenum. 
sure  of  Svlvius' 

and  the  *  fissure  of  Rolando.'  The  latter  is  scarcely  distinct 
till  the  end  of  tho  sixth  month,  but  rather  before  this 
period,  accordinj:?  to  Eckcr,  two  other  Fissures  appear  on 
the  inner  aspect  of  the  Hfrninpherea,  viz.,  the  '  internal 
perpendicular'  (^fig.  130,  P')  marking  the  anterior  boundary 
of  the  Occipital  Lobe  and  the  *  calcarine  fissure  *  which  it 
meets  below.     The  latter  is  generally  regarded  as  a  poB- 
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tetior  extension  of  the  '  fissure  of  the  Uippocampns/  which 
appears  about  tho  same  tinio,  and  is  a  marking  constantly 
present,  even  in  lower  Vertebrates,  on  the  inner  side  of 

tho  brain.    Gratiolet  indeed  believes  that  this  latter  fissuro 

is  tho  th*st  to  appear  on  the  inner  side  of  the  hemispheroj^H 
liiither  later  the  'parallel  fissure 'of  the  Temporal  Lol)0^^ 
becomes  distiu<^ishable,  and,   as   above   stated,   hy  tho 
beginning  of  tho  seventh  month,  the  other  principal  fis- 
sures of  the  brain  have  made  their  appearance. 

Probably  Ecker  is  correct  in  hia  view  that  the  preci 
time  at  which  the  principal '  fissures  *  appear,  as  well  as  theii 
exact  nnlcr  of  appeamnce,  is  subject  to  some  variation 
difTercut  indiviiluals.     Both  he  and  Huxley  consider  thera 
is  no  evidence  to  show  that  the  fissures  of  the  brain  of 
Chimpanzee  or  of  an  Orang  do  not  appear  in  essential! 
tho  same  order  as  those  of  the  Human  Infant,  notwith 
standing  tho  opinion  expressed  by  Gratiolet  to  the  offi 
that  there  arc  certain  slight  diJlerences. 

At  the  time  of  birth  the  development  of  the  convolutiotti 
is  so  complete  in  the  Human  Infant  that  they  differ  from 
those  of  the  adult,  only  by  presenting  a  little  less  of  com-, 
plication  in  regard  to  minor  details. 

During  the  attainment  of  this  degree  of  convolution 
complexity,  however,  some  imj)ortant  changes  have  been 
taking  place  in  the  relative  development  of  the  different 
'  Lobes '  of  tho  brain.     At  the  seventh  mouth  the  Parietal 
Lobe  is  notably  small,*  and  apparently  as  a  consequen 
of  this  the  *  fissure  of   Eolaudo '  is  bent  nearly  at   righ 
angles,  just  as  it  is  in  the  brains  of  the  adult  Ornng  and 
to  a  luss  extent  in  Ihut  of  tho  Chimpan^cce.     At  this  same 
period   tho   Frontal    Lobo    is   large,  and   bo   also   is  the 
Temporal   Lobe,  though   its  convolutions   are   still  very 
imperfectly  marked  out.     The  length  of  the  Temporal 

•  Sec  Gratiolut'fl  "  Anat.  Comp  du  Sjrt.  Nerv./*  PI.  xxad,  fig. 
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Lobe  and  the  extent  of  the  posterior  prolongation  of  the 
*  fiasure  of  Sylvius'  are  also  notable  features  of  the  fcotal 
bruin.  We  have  alrearly  had  to  refer  to  these  charac- 
teristics in  iLc  brains  of  many  of  the  Quadrumana,  and 
wo  shall  have  occasion  again  to  speak  of  the  same  pecu- 
liarities as  existing  among  fully  developed  Human  Brains 
of  a  low  t}"pe. 

At  the  period  of  birth,  with  the  fuller  development  of 
the  Parietal  Lobe,  the  fissure  of  Kolando  is  much  less 
bent.  The  outline  of  the  Brain  seen  from  above  is  still 
that  of  an  elongated  oval,  though  it  is  one  which  is  dis- 
tinctly fuller  iu  the  frouLul  as  well  as  in  the  parietal  region 
than  that  of  the  seventh  month  foetus  represented  by 
Gratiolet — the  outline  of  which  agreos  almost  exactly  with 
the  ontline  of  the  brain  of  the  ndult  Bushwoman  given  by 
Marshall  (fig.  135). 

According  to  S,  Van  der  Kolk  and  Vrolik  it  appears 
that  in  their  relative  proportions  the  lobes  of  the  Brain  in 
a  new-born  Child,  hold  just  iho  mean  between  those  of  a 
Chimpanzee  and  of  an  adult  Man.  In  the  adult  Orang, 
however,  the  same  proportion  obtains  between  its  dilTorent 
lobes  and  those  of  the  new-born  Child — so  that  in  this 
respect,  as  in  several  others,  the  brain  of  the  Orang  seems 
rather  more  highly  evolved  than  that  of  the  Chimpanzee. 

The  Cerebellum  in  the  new-born  Child  is  comparatively 
small.  Its  proportionate  weight  compared  with  that  of 
the  Cerebrum  at  the  same  period,  is  lower  than  in  either 
of  the  gi'eat  anthropoid  Apes.  This,  however,  is  due  not 
to  any  diminntion  in  the  development  of  the  torebellnm, 
but  rather  to  the  fact  that  in  Man  the  amount  of  increase 
in  the  size  of  the  Cerebrnm  is  much  more  considerable 
than  in  that  of  the  Cerebellum,  and  because  this  greater 
increase  is  already,  at  the  time  of  birth,  more  manifest  iu 
the  -Cerebrum  than  in  the  Cerebellum.     This  fact   wa« 
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also    established   by   the    above-mentioued   Dutch   Ana- 
tomists, sinco  they  fouud  that  the  weight  of  the  Cere* 
bram  in  the  new-born  infant  was  to  its  weight  in  th^J 
adult  as  90  :  157  ;  while  the  wei^lit  of  the  Cerebellum 
the  new-boru  infant  was  to  its  weight  in  the  adult  only 
as  22 :  50. 

The  actual  ratio  of  the  weight  of  the  Cerebellum  to 
that  of  the  Cerebrum  in  the  new-born  iufant  w^as  found 
by  Chaussier  to  vary  from  1 :  13  to  1 :  20  ;  and  by  Cruvel- 
hier  it  was  usccrtaiued  to  be  1 :  20.  On  the  other  hand, 
according  to  Sharpey,  the  ratio  of  the  weight  of  the  Cere- 
boJluni  to  that  of  the  Cerehrani  in  the  adult  male  is  1 :  8|, 
and  in  the  adult  female,  1 :  8|. 

From  these  figures  it  maybe  seen  how  very  considerably 
the  development  of  the  Cerebellum  lags  behind  that  of  the 
Cerebrum  iu  the  Human  lufunt  at  the  time  of  birth. 

In  regard  to  the  microscopical  characters  of  the  festal 
bruin  one  brief  but  important  statement  deserves  to  bMH 
recorded.  ^^M 

According  to  Lockhart  Clarke*: — "In  the  early  foetal 
brain  of  Mnmmalia  and  Man  the  structure  [of  the  cere- 
bral convolutions]  consists  of  one  uninterrupted  nucleated 
network.  As  development  advances  separate  layers  may 
bo  diaiinguished."  But  even  in  these  layers  there  are 
only  to  be  recognized  "roundish  nuclei  connected  by  a 
network  of  fibres,"  or,  in  other  parts,  groups  of  more 
elongated  nuclei,  iu  place  of  the  distinct  but  differentlj 
shaped  Nerve  Cells  withiutcr-connccting  processes,  which, 
in  a  later  ctiapter,  will  be  described  as  the  prevailing  and 
characteristic  constituents  of  the  Cerebral  Convolations  Id 
their  developed  condition. 

•  "NotM   of   Rcficarcbes  on   tbo   Iniimato  Structufc   of 
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The  size  and  weight  of  tlio  Human  Brain  are  capable  of 
being  estimated  in  two  wiiya,  the  one  of  which  may  ho 
termed  '  direct,*  and  the  other  *  indirect.* 

We  may,  of  course,  measure  and  weigh  the  organ  when 
it  is  accessible,  and  an  enormous  amount  of  labour  has 
beon  expended  in  this  direction — especially  by  British 
obserrers — upon  individuals  of  different  ages,  sexes,  and 
conditions. 

But  when  of  the*  representatives  of  ancient  peoples,  of 
foreign  nations,  or  of  savage  tribes,  all  that  the  anatomist 
possesses  are  mere  brain-cases  or  skulls,  he  must,  if  ho 
would  acquire  detiuito  notions  as  to  the  size  and  weight 
of  the  organs  which  they  previously  contained,  adopt  some 
uniform  and  carefully  worked-out  method  for  ascertain- 
ing their  exact  cubical  capacity.  From  the  figures  for 
'cranial  capacity*  thus  ascertained,  the  probable  corre- 
sponding Brain-weight  will,  when  certain  other  data  are 
known,  be  dedncible  with  a  fair  amount  of  exactness. 

This  latter  *  indirect '  method  of  procedure  is  warrant- 
able and  capable  of  giving  trustworthy  results,  because  ia 
health  the  human  brain  invanably  fills  the  skull  to  which 
it  belongs,  except  for  the  intervention  of  some  thin  mem- 
hranons  envelopes  with  vossols  and  blood-spaces — for  which 
definite  allowances  may  ultimately  be  made.     Much  work^ 
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however,  still  remains  to  be  done  before  tbe  amount  of  the 
allowances  or  tboir  range  of  variution  for  persons  of  diflferen 
ajjes,  sexes,  and  races  can  be  accurately  determined  :  an 
the  same  may  be  said  in  reference  to  differences  in  the  alz 
of  tbe  '  lateral  ventricles/  since  either  excess  or  defect 
the  usual  space  thus  appropriated  may  also  occasional! 
intervene  as  a  disturbing  condition,  tending  to  vitiate  an 
*  indirect '  estimation  of  Brain-weight.  Tboagh  it  is 
true,  therefore,  that  certain  relations  ought  always  to 
obtain   between    *  cranial    capacities '   and  Brain-weights, 

these  cannot  be  eaid  to 
have  been  yet  deter- 
mined except  in  a  me 
preliminary  and  ten 
live  manner,  Accordin^ 
to  the  general  rule  laid 
down  by  Dr.  Barnard 
Davis  a  deduction  of 
abont  15  per  cent,  from 
the  capacity  of  the  Cn- 

ISl.— Onuaido  of  tliw  Skull  miiiorBtl,  »lmw.  uiuni  "IVCS  thu  'capacitV* 

Brain,  and  from 

bt  may  be 

cicHw  t4i  tbfa  iM  HtttiatoU  the  niccunif-poiDi  o(  dcduc-ed  by  calculatiouj 
.c,«-.aveno«.sinu«a.  ^^^^-^    ^^^    'indirect! 

and  the  'direct'  methods  are  of  great  ntility,  and  eith< 
may  bo  had  recourse  to  l>y  the  experienced  investigat 
according  as  Skulls  or  Brains  present  themselves  k 
examination.  Each  method  offers  certain  advantages,  but 
on  the  whole  it  may  be  said  that  if  Brains  were  always 
aooeaaihle,  we  should  probably  bear  Iora  on  the  subject  of 
^cntnial  capacities/     The   indirect'  method  soetos  well 

Triijlit  of  tlif.  Bruin  in  Ibf  Different  Hacea  of 

,  ,  IftoK  l>\y-  VNt  and  5i!G. 


Intf  the  Dura  Mitor  vritb  Ito  tcm^Is  v(iVL'I<:>{>tn;      .     . 
tht>  Itraln      fAftor  Uir^liM't  iiikI  U-veill^.)    a.  ^*    tUe 
C*>mmcno«mcnt  ol  tltejpi&tt  ton>rltii>ltniLl  Vutiout  fliio   ifc    wei" 
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calculntcfl  to  afford  race-averaj^oa,  or  prevniling-woifjhtfl, 
wlu'ro  a  sufficient  number  of  skulls  are  carefully  measurGil 
by  a  niotbod  likrly  to  ^ive  uuiforra  and  correct  results. 

It  must  never  be  forgotten,  however,  tbat  the  size  of 
the  Skull,  and  with  it  the  weight  of  the  Brain,  varien 
within  certain  limits  according  to  ihe  stature  of  the 
individual,  in  such  a  way  that  increments  of  increasing 
stature  are  accompanied  bv  increments  of  increased  Brain- 
weight,  thouffh  the  extent  of  the  latter  increments  gooB 
on  diminishing:;  as  the  stature  increases.  This  statement 
rests  on  the  authority  of  Marshall,*  who  bus  also  calculated 
from  the  colossal  tables 
(together  with  private 
notes)  supplied  by  Boyd, 
that  for  Kuglish  people, 
with  a  moan  range  in 
stature  of  7  inches  for 
males,  iho  correspond- 
ing variatinn  in  Jirain- 
weight  is  2*75  oz.,  and 
that  for  females,  with  a 
mean  range  in  stature 
of  ti  inclies,  the  varia- 
tion is  only  I'^f'Joz.  In 
comparing  Ihe  hrnin- 
weights  of   individuals 

of  different  stjiture.  therefore,  witli  the  view  of  tracing  th« 
influence  of  other  conditions  over  the  weight  of  the  organ, 
it  mnst  always  be  borne  in  mind  that  difference  in  statnro 
itself  is  a  }Hileut  cause  of  differc-uce  in  lirain-weight  which 
ought  to  he  allowed  for  in  the  first  instance. 

It  may  ho  well  to  st^te  here,   in  general  terms,  that 
rather  less   tluiu    ^th  of   a   U>tal  Braiu-weight  Mill,   for 


Kia.  13t.— ntttiuui  Conbnitn  uid  Ctfrfbelluin, 

sliuwltig  the  rcliktlvc  sli*.'  ut  tltuw)  |iartN    itf   tlie 
UriLdi.     (Aflur  HirMlifcliI  iit]<l  Lrwilli*.) 


•  **  Pnweed.  of  Roy.  Soc. 


1875,  vol.  xxiii.  p.  56i. 


850 


THE   SIZE    AM)    WKIGIIT 


males,  be  the  proportion  of  such  total  corresponding  with 
the  weight  of  the  Cerebellum.     For  females,  however,  tbaj 
relative  weight  of  the  Cercbcllnm  is  rather  gi-eatcr  (l:8|)|l 
on  account  of  the  existence  in  them  of  a  greater  pro] 
tionate  diminution  in  the  size  of  the  Cerchrum. 


Gramal  Capacities. 

The  average  *  cranial  capacity  *  for  any  race  can  only 
bo  ascertained  by  the  examination  of  a  largo  series  of 
corresponding  Bkulls,  assorted  according  to  Sex.  The 
importance  of  the  latter  point  is  great,  because,  as  Flower 
points  out,  difference  in  Sox,  in  its  influence  over  capacity 
of  skull,  is  often  decidedly  greater  than  difference  of 
Eace. 

The    methods    of    estimating    the    'cranial    capacity^ 
have  varied  so  much  at  different  times,  and  as  adopt 
hy   different    investigatorB,    as    to    make    it   often    botl 
didioult  and  unsafe   to  compare  their  results  with  one 
another. 

It  is  most  important  that  an  international  methi 
should  bo  agreed  upon,  and  universally  adopted  l»y  workers 
in  different  countries.  We  may  then,  after  a  time,  get 
results  strictly  comparahle  with  one  another,* 

Vogtf  gives  a  table  of  cranial  capaciUes   by  differenl 
observers,  the  most  interesting  items  of  which  Lave  bt 
derived  from  the  researches  of  Broca  upon  large  numbci 
of  skulls  obtained  from  certain  Parisian  churchyards,  the 
remains  of  which  for  different  reasons  hnd  to  be  disturbei 
He  says : — 

*  See  Plowfif  in  "  Brit.  MeJ.  Journ.,"  April  12, 187D,  p.  540 
also  a  paper  by  the  same  aulbor  on  "  KethtMla  and  Rcsalta 
Measiii-emont  of  Capacity  of  Crania,"  in  Itf^p.  of  Br'U.  Attoc  fo 
1878 

f  "  licctures  on  Man  "  (Aullirv^p.  Soc.}.  p.  88. 
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•'  Brocii  availed  himself  of  the  rare  opportunity  of  exncnining 
a  number  of  skulU  which  were  found  ia  Fari^,  oa  laying  the 
foundation  of  the  new  Tiibtnial  de  Commerce,  in  a  vault,  iit  a 
depth  of  tliree  xnetree,  at  a  epot  which  was  already  covered  wilh 
hondtes  at  the  time  of  Philip  Anfrustus.  The  crania  must,  there- 
fore, at  the  latest,  date  from  the  twelfth  contary,  many  of  them 
|K>sflihly  from  the  Carlovinpan  period.  They  certainly  belonged 
to  individuals  of  the  higher  ranks,  as  (hey  were  found  in  closed 
vaulta." 

The  avorage  capacity  of  115  of  these  twelfth-century 
fikuUs  was  found  to  be  1425*98  cubic  ceiiinnetres. 

Another  scries  of  skulls  was  obtained  from  the  Cimo- 
ti5re  de  TOuest,  which  was  used  as  a  cemetery  from 
1788  to  18*24.  Of  these,  which  may  be  called"  skulls 
of  the  niueteGuth  century,  as  many  as  125  were  ex- 
amined, and  they  yielded  an  average  capacity  of  1461*53 
centimetres. 

It  is  not  withoat  interest,  therefore,  to  find  that  in  the 
coarse  of  seven  centuries  of  progressive  civilization  the 
avorage  Parisian  skull  seems  to  have  distinctly  increased 
in  capacity. 

It  is,  moreover,  a  remarkable  fact,  as  Yogt  points  out, 
"  that  the  diflereuce  between  the  sexes  as  regards  the 
cranial  capacity  increases  with  the  development  of  the 
race,  ao  that  the  male  European  excels  much  more  the 
female  than  the  Negro  the  Negress.'* 

Le  Bon  also  has  quite  recently  stated*  that  the  differ- 
ence existing  between  the  average  capacity  of  the  skulls 
of  male  and  female  modem  Parisians  is  almost  double 
that  which  obtains  between  the  skulls  of  male  and  female 
inhabitants  of  ancient  Eg}*pt. 

This  again  is  to  be  regarded  as  interesting  evidence  of 

♦  "  Compt.  Rend.,"  July  8,  1878,  p.  80.  Since  this  chapter  haj 
been  in  the  hands  of  the  printer  a  longer  paper  has  appeared,  by 
Le  Bod,  in  the  Botute  d\inthrojaoloffify  January,  1879. 
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the   effects  of    civili/.atiou   ia   loading  to   an   increased 
development  of  the  Brain,  for,  as  Vogt  remarks, — 

"The  lower  the  sbato  ot  culture,  the  more  Kiinilar  are  the  occu-- 
pations  of  the  two  sexes.  Among  the  Aa»traliiins,  the  Bu8hmcn« 
and  other  low  races*  p09se&i>iiig  no  fixed  habiLatiuna,  the  wife  par- 
tiikes  of  all  her  husband's  toils,  and  has,  in  addition^  the  care  of 
the  progeny.  The  sphere  of  occupation  is  the  same  for  both  sexes^ 
whilst  among  the  civilised  nations  there  is  a  division  both  in 
physical  and  mental  labour.  If  it  be  true  that  every  organ  ia 
strenpthened  by  exercise,  incrensing  in  size  and  weight,  it  mnst 
equally  apply  to  the  brain,  which  mnst  become  more  developed 
by  proper  mental  exercise." 

Aj^ftin,  it  Las  l)een  pointed  out  by  Le  Bon  that  th 
range  of  variation  in  *  cranial  capacity '  to  be  met  with 
among  different  individuals  of  the  male  sex  seems  to 
be  great  in  proportion  to  the  position  of  the. race  in  the 
scale  of  civilization.  **  Thus  lar<^e  and  small  mule  skulls 
among  Negroes  may  vary/'  he  says,  "by  204  cubic  centi- 
metres, among  the  ancient  Egyptians  by  353,  among 
twolfih-ccntury  Pai'isians  by  472,  and  among  modern 
PuriHiana  by  593  cubic  cenlimelrea,*'  .  Consequently  ha 
holds  that  the  real  test  of  superiority  of  one  race  over 
another  in  regard  to  *  cranial  capacity  *  is  not  to  be  ascer- 
tained by  averages,  which  may  bo  and  often  are  mo 
deceptive,  but  rather  by  discovering  how  many  individa 
per  cent,  for  different  races  possess  skulls  of  give 
volumes.  *'  The  superior  race,"  according  to  Lo  Bon, 
'*  contains  many  more  voluminous  skulls  than  the  inferior 
race.  Out  of  100  modern  Parisian  skulls,  there  will  be 
about  11  specimens  whose  capacity  ranges  from  1700  to 
1900  cubic  centimetres,  while  among  the  same  number  of 
Negro  skulls  not  a  single  one  will  be  found  possessing  the 
capacities  above  mentioned.'*  In  his  more  recent  and 
longer  paper  Lo  Bon  gives  the  following  interesting  table 
of  percentages  in  illustration  of  these  views  : — 
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The  sftme  writer  adds  :* — "  The  crnnial  cHpaciiy  of  tho 
Gorilhi  oftt-'ii  roaches  GOO  cubic  ceutiuietres,  so  Ihut  it 
f'jIIowB  thtit  there  are  a  largo  number  of  men  more  allied 
hy  volume  of  brain  to  tbe  anthropoid  apes  than  they  are 
to  some  other  men." 


Brain-Weights. 

The  mode  of  weighing  the  Brain  has  not  always  been 
siiuiiar  by  difleront  obser\'er8.  Some  have  been  aceuH- 
tome<l  to  strip  oS  its  thin  enveloping  membranes  before 
putting  the  organ  into  tho  Bcaleu,  while  others  weigh  it 
and  them  togeLhcr.  But  the  weight  of  *  arachnoid  *  aiid 
'  pia  mater  *  is  pretty  well  known,  and  would  scarcely 
exceed  ^  or  1  oz.  Again,  of  those  who  follow  the  latter 
and  by  far  the  most  common  method,  some  have  weighed 
tlte  brain  in  its  entire  condition  almost  as  soon  as  it  Las 
been  renutvcd  from  the  body ;  while  one  observer  at  least. 
Dr.  Tlinruam,  has  been  in  the  habit  of  slicing  it  first  and 
allowing  seram  and  bb>od  to  drain  away  for  one  to  two 

•  Loc.  cit.,  p.  75. 
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bonr8  before  putting  the  organ  iuto  the  scales.  By  this 
latter  process  its  total  weight  mnj  in  some  e&&cB  he 
diminished  by  from  1  to  2  oz.* 

These  being  ahnost  the  only  possible  sources  of  Toria-^ 
tion,  where  ordinary  care  is  exercised  in  the  process  of 
weighing,  the  Brain-weights  of  different  observers  ar« 
more  strictly  coraparuble  with  one  another  than  are  the 
estimations  of  'cranial  capacity*  by  different  observers, 
using}  aa  they  mostly  have  done,  very  different  methods^ 
whoso  relative  indices  of  variation  have  not  yet  l>eea 
determined. 

Of  conrse  most  of  the  causes  which  affect  the  cranial 
capacity  of  individuals  would  also  affect  their  Brain- 
weights,  and  vice  versa.  But,  except  in  regard  to  the 
comparison  of  ancient  with  modem  rnceSi  these  con- 
ditions have  beeu  much  more  fully  worked  out  in  terms  ^ 
of  Brain-weight  than  in  terms  of  cranial  capacity. 

Some  of  the  principal  modifying  conditions  vdll  now  bo 
briefly  referred  to. 

Age. — It  was  believed  by  the  earlier  anatomists,  and 
even  by  Tiedcmann  and  Sir  William  Hamilton,  that  the 
human  brain  attained  its  greatest  development  at  aboat 
the  seventh  year.  We  now  know  this  to  be  incorrect ;  yet 
from  the  extensive  researches  of  Dr.  Boyd  as  tabulated 
by  Thurnam  (loc.  cit.,  Tab.  ix.),  it  would  appear  that  it 
does  in  the  male  actually  reach  about  ^ths  of  its  ultimatA 
weight  by  the  end  of  the  seventh  year,  and  in  the  female 
•bout  -Jj-ths  of  its  ultimate  weight  by  the  same  period. 
According  to  tbia  table,  moreover,  the  maximum  weight 
of  Brain,  for  both  sexes,  was  met  with  in  individuals  not, 
exceeding  their  twentieth  year. 

♦  See  &D  excellent pap«r by  Dr.Thnrnara."Outhtt>Ne\ftVlof  the 
Humon  Bniin  and  on  the  Circuin»tttncc8  affectiii^^  iC  Jininv- o/ 
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Tbarnam  from  a  caroful  considerntion  of  previously 
recorded  results  comes  to  tUo  following  conclusions : — 

**  It  may  iu  general  he  adinitied  iliut  the  UTemgo  wcigbi  of  the 
brain  undergr»i*8  a  ]trngre8.sive  increase  to  a  pericd  somewhere 
between  the  twentieth  and  fortieth  year.  According  to  uU  the 
tublea  Wforo  ns  wliich  refer  to  Uie  tane,  the  greatest  average 
Wright  for  the  nmls  brain  is  that  fur  the  middle  decennial  period, 
or  from  thirty  to  forty  years ;  and  this,  as  M.  Broca  observes, 
agrees  perfectly  with  what  we  know  of  the  continued  develop- 
ment of  intelligence  during  the  whole  of  thitf  period.  For  women 
ibe  full  average  size  of  tho  hrain  is  perhaps  attained  within  the 
preceding  dccudc  of  twenty  to  thirty  years ;  but  the  difference 
botween  the  two  eexcs  in  thia  n^Hi>ect  is  not  great.  From  forty 
to  Gfly  years  there  is  a  slight  dimiinitiou  iu  weight  and  a 
greater  one  between  tilly  and  aixty.  After  sixty  years  the  rate 
of  decrease  is  still  greater ;  the  process  of  decay  becomes  more 
and  more  nipid,  and  tbnu  in  the  eighth  decade  of  existence  the 
overage  weight  of  the  brain  iu  less  by  more  than  three  ounces  (80 
to  90  grammes]  than  it  was  in  the  fourth  decade.  In  the  aged,  on 
the  average,  the  weight  of  the  brain  decreases  pari  passu  with  the 
iateltigence.  There  are  nmny  exceptions  to  this  general  law,  and 
Borne,  purticnlarly  of  tho  more  cultivated  and  learned  class,  pre- 
serve to  extreme  age  all  the  fulness  and  vigour  of  their  faculties. 
The  brain  uf  such  men^  as  the  liite  Professor  Gratiolet  ohserves,. 
remains  in  a  bttite  of  perpetual  youth,  and  loses  little  or  none  of 
the  weight  which  belonged  to  it  in  the  prime  of  life.*' 

Sex. — Tliuruum  says  : — "  My  owu  obscrvatious  fully 
confirm  those  of  preceding  writers  as  to  the  average 
weight  of  the  adult  male  brain  being  about  ten  por  cent, 
greater  than  that  of  the  female.  As  Professor  Wolcker 
expresses  it :  '  The  brain-weight  of  the  male  (1390  grmm.) 
is  to  that  of  the  female  (1250  grram.)*  as  100:90/ 
Slight  vuriations  are  observable  in  the  bruin-weights  of 
the  two  sexes,  as  given  by  different  observers,  but  it  will 
be  seen  that  the  averngo  difference  is  expressed  with 
iDUch  accuracy  by  these  figures." 

*  Tlmt  is  about  49  oz.  and  i-^  oz.  respectively. 


^luiiiiiiu  Liny  9 


"•  Some  have  snppoecd  witt  Tiedetnann  that 
brain  oftlie  female  is  due  siuiplj  to  lier  letts  a 
ever,  iH  not  the  case  ;  and  it  was  long  Ago  nhcivt 
though  from  a  loo  restricted  number  of  weighla 
waa  grealer  than  could  be  accountod  for  in  thia 
oontirm  thia  opinion  from  calcnUtions  fonnded 
of  Dr.  Bojd  for  St  Murylcbone.     For  thia  )mr);x 
and  compared  the  average  atutnre  and  bruin'Vi 
women  at  the  drccnnial  pericda  from  twenty  t 
Wbilst  the  brain-weight  is  nearly  10  per  rent 
than  in  the  male,  the  statare  is  only  6  per  cent  It 


Weight  of  Body  and  Stature.— TLe  i' 
WL'i^'ht  to  LoJy-Wfiybt  follows  almuBt  pre 
la^vs  as  Lave  hcen  found  to  hold  for  low«j 
is,  the  ratio  diminishes  with  iucrcasing  we| 
of  body,  80  that,  as  Tiedcmann  observed 
braiu  is  smaller  in  comparison  to  the  a 
man  approaches  to  his  full  growth."  < 

It  varies  also  with  his  degree  of  obesity,^ 
sons  the  ratio  is  often  as  1 :  22  to  27  ;  in  f 
1:50  to  lOO;'  ^ 

But,  as  Thuruam  says  : — '*  Thongh  it' 
lioned  whether  many  useful  physiological 

fA   Ka   Hd^tatt^A    ^-"*        Mill  ■^^■■^■jB^J^^^M^B 
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between  the  two  beiug  at  the  rate  of  five  per  cent. ;  i.e. 
tho  brain  of  a  tall  inim  boing  represented  by  100,  tbat  of 
a  man  of  sLort  stature  was  95.  The  difference  in  women 
was  a  little  less."  Tbis  aj^ees  pretty  closely  with 
Mursball's  more  recent  computations. 

Race. — Comparatively  few  obserrations  bavo  as  yet 
been  ioBtituted  in  reference  to  this  very  large  subject — 
viz.  tho  question  of  tho  average  or  prcvaiUug  weight  of 
the  Brain  in  different  races  of  Men,  More  has  been 
done  iu  this  direction  in  regard  to  variations  of  'cranial 
capacity.' 

Some  sort  of  commencomeut  bus,  however,  been  made 
towards  ascertaining  the  average  weight  of  Brain  for  the 
English  and  Scottish,  and,  with  less  precision,  that  for 
the  French  and  German  people.  Bat  the  observations 
made  have,  as  yet,  been  obtained  from  too  restricted 
areas,  and  too  much  from  persons  of  the  same  social  and 
educational  status, 

Thuruara  thinks  that  Welcker's  estimate  of  1390 
grammes  or  4'J  oz.  represents  the  mean  weight  of  male 
European  brains,  in  persons  of  twenty  to  sixty  years 
of  age,  with  confiiderable  accuracy,  and  he  gives  the 
following  table  showing  how  the  moan  brain-weights 
for  the  separate  people  above  mentioned  stand  in  regard 
toit:— 

Batio  op  Brain- Weight  op  DnrEiiEjCT  Eitbopear  Peoples. 


3ll4]«S. 

Ouucoa.  ( 

SrmtnmeA.  BaU 

0  of  BnUo-We 

Europeanu  {Wclcher) .        . 

49 

47  8 

13iK)     . 

1354    . 

.     100 

Engliah  {Boyd)       . 

•      97 

M      {Peacock)  . 

49 

1388    . 

.      99 

French  (I'arr/ia/7»r) 

47-9 

1358    . 

.     98 

Germanfi,  &c..  {W'aijner) , 

48-3 

1371    . 

.      98-5 

Scotch  (Pmct/cJt)    . 

50 

1117    . 

.    102 

8fi8  TUB    SIZV    AND    MKKMIT 

It  will  be  interesting  to  place  next  to  tliis  tlio  Ublo 
given  by  Thuniam  embodying  tlio  average  rcsalta  of  the 
weighing  of  twelve  Negro  brains. 

Average  Braih-Wkicut  or  EtnorEAVB  avd  Kkoroes  CoMrABKi 

Moka.  Ouncos.  Gmnnios,  lUtio  of  nnln-Wolchfi* 

Enropeans.        .        .        .     4i>         1300    .        .    100 

Negroes  {Tiedemnnn,  4)     .     4-1-2      1252    .        ,      90 
„        ( r^Hicoch,  5) .        .     4i-3      1 255    .        .      90 

(Average.  12)        ,     44*3      l;i55    .        ,      90 

These  observations,  as  Thurnam  says,  agree  in  *'  niakinj 
the  Brain-weight  of  the  male  Negro  the  same  as  that 
the  female  European/'  He  adds  : — *•  The  dccidrd  influ- 
ence of  race  on  the  weight  of  the  brain  is  scarcely  to  be 
questioned;  and  there  can  be  little  doubt  that  the  Bmaller 
size  of  the  brain  in  other  melanons  and  lower  races  will 
herenfter  be  miulo  out  by  direct  observation.  The  brainfl 
of  the  Hindoo,  Hottentot,  Bushman,  and  Australian,  are 
probably  of  less  weight  even  than  that  of  the  Negro; 
but  in  all  these  comparisons  the  stature  must  be  oon- 
aidered,"  * 

Records  of  the  Brain-weight  of  males  belonging  to 
these  latter  races  are  not  as  yet  forthcoming ;  but  from 
the  ascertained  weight  of  three  female  Bushwomcn,  as 
well  as  from  what  we  know  of  the  cranial  capacity  of  tbe 
races  mentioned,  it  may  fairly  be  anticipated  that  tbeir^ 

*  There  la  aome  reaaoa  to  believe  that,  to  a  c«rtaia  extent,  a«  wo 
go  northwards  the  average  humau  st^itare  increason,  and  with  it 
the  average  craDial  oapaoitj  aiid  bruia-wetght.  Yet  the  Lapp* 
and  E»qtiimanx  are  oxtremely  abort,  though  their  cranial  oapacitiet 
remain  annaaally  high. 
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weight  of  brain  would  fall  distiuctly  below  thai  of  the 
Kegro. 


The  brain  of  &  Buahwomaa  examined  bj  ProfesBor  MarshaTl  wn« 
compated  to  bo  31  5oz.,  while  ho  has  calculated  that  the  bnun  of 
an  arerage  Englishwoman  of  about  the  same  age  and  stature 
would  have  weighed  not  lesa  than  iO  oz.  The  brain  of  anuihcr 
Bushwoman.comnionly  known  as  the  "  Hottentot  Venns,"  who  waa 
^Axamincd  bj  Gratiulet,  iu  said  to  have  been  a  trille  larger,  though 
le  exact  weight  was  not  ascertained.  Lastly — thongh  first 
in  order  of  time — Or.  Quain  recorded  the  weight  of  a  Bosje^)  girl, 
fourteen  years  of  age,  and  forty  inches  in  height,  aa  34  oz.,  or  9C3 
grammes-  Thia,  aa  Dr.  Thumam  i>oints  out,  '*  falls  short  even  of 
the  avera^  weight  of  the  brain  of  the  female  English  child  between 
two  and  four  years  of  age,  in  whom,  according  to  the  tables  of  Dr. 
Boyd,  the  brain*  weight  is  34^7  oz.  (991  grammes),  and  the  average 
•tature  31'6  inches."  Seeing,  moreover,  aa  Dr.  Boyd's  tables  also 
show,  that  by  the  end  of  the  seventh  year  the  brain  of  the  female 
has  attained  to  at  least  ten  elevenths  of  its  full  weight,  the  brain  of 
thta  Bosjes  gir!  is  not  likely  to  have  been  much  Ijehind  the  weight 
to  which  it  might  liave  attained  in  the  adnlt  condition. 
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Tlie  CLiucse  are  represoutatives  of  the  moat  ancient 

nd  persisteut,  if  not  the  most  advanced  civilization  of  tho 

world,  and  quite  recently  the  brnin-weigbts  of  eleven  ndulL 

males  and  of  five  udult  females  Lave  been  recorded  by 

r.  C.  Clapbam,*  *'  With  the  exception  of  one  indi- 
vidual they  all  belonged/*  he  says,  "to  tho  'Coolie,' or 
lowest  grade  of  Chinese  society,"  yet  their  brain-weighltt 
were  remarkably  high,  when  it  is  considered  that  they 
were  in  no  way  picked  individuals,  but  more  chance  vic- 
tims of  the  great  t;^'phoon  which  raged  at  Hong  Kong  in 

ptember,  ISl-i.  The  possible  iuflaence  of  Congestion, 
owing  to  the  mode  of  death,  in  slightly  raising  these 
brain-weights  must,  however,  not  be  forgotten. 
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3  ...  *5  ...  ^1 

4  ...  40  ...  M 

5  ...  M  ...  4^1 

6  ...  <0  ...  48 

7  .    .    .  2.1  .    .    .  i<?J 

8  ...  48  ...  .!^ 
d  ,    .    .  65  .    .    .  4f>i 

10  .    »    .  35  .    .    .  51J 

11  .    .    .  3*^  .     .    .  4*H 

Arerage  50'45 


The  significance  of  these  fignres  wQl 
ferred  to. 

Mental  Power  and  Degree  of  Edafi 
this  head  we  may  briefly  pass  in  review  w] 
to  the  correlation  in  the  bamau  eubject 
and  degi'ce  of  Education,  with  size  aud  W^ 
Many  more  facts  are  needed  before  mad 
considered  to  be  thrown  upon  this  sabject; 
some  of  tlie  data  at  present  in  oor  posai 
first  sight  rather  contradictory.  The  0| 
however,  more  apparent  than  real. 

Some  hints  have  already  been  given  np 

;_  L-j.  1 1 ■ 
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instauce,  ascertained  by  Dr.  Tliuriium,  that  Ibc  average 
Lraia-weigUt  of  insane  males  Lcloii^aug  to  the  more 
educated  middle  class  Id  the  York  Retreat  ^vas  decidedly 
above  that  of  paupers  wLo  died  in  the  county  aByluma  of 
Somerset  and  Wilts.*  Broca  has  also  made  some  inves- 
tigations in  order  to  ascertain  the  dimensions  of  tho  beads 
of  a  number  of  students  of  the  £co]e  de  Mt5decino  as 
compared  with  those  of  a  number  of  servants  in  the  largo 
hospital  of  the  Bicetre,  with  the  result  of  sliowiug  a 
distinct  preponderance  in  favour  of  the  students.  This 
latter  statement  is,  however,  not  easy  to  understand, 
nnlcss  we  are  to  believe  that  tho  superior  education  of 
the  students  has,  during  their  own  individual  lives,  given 
rise  to  a  distinctly  increased  size  of  Brain  and  of  head. 
Among  the  ancestors  of  the  students  and  the  servants  it 
is  quite  possible  that,  in  many  instances,  the  relative 
degree  of  education  and  amount  of  habitual  exercise  of 
hi-ain  may  have  been  reversed.  If  Broca  could  measure 
the  heads  of  these  two  sets  of  persons  again— that  is  the 
same  individuals — after  an  interval  of  ten  years,  tlie 
relative  difference  between  these  two  measurements  of 
the  two  classes  might  yield  some  interesting  information. 
But  would  any  ditierence  be  observed  in  the  two  sets  of 
measurements  after  such  an  intoi-val,  and  if  so  could  it  be 
ascribed  to  the  effects  of  superior  brain  exercise  ?  These 
very  doubtful  questions  remain  to  be  solved.! 


The  difference  was  not  nearly  so  well  marked  between  the 
braia-woights  of  the  femulus  of  these  two  classes;  afoct  harmonioui 
with  others  already,  and  subacqaently  to  be,  cited,  showing  that 
the  range  of  variation  in  them  under  the  influence  of  varions  con- 
ditions is  less  than  it  is  for  tlie  brain  of  men. 

f  Le  Boa  has  also  given  a  table  showing  the  prevailing  circam- 
ferential  Head  measurements  (which  ranged  from  ii2  to  62'5  centi- 
luctrcs)  of  individuals  belonging  to  different  social  classes,  at 
present    living   in    Paris,    anJ   who,  from    their   differences   in 
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Any  considerablo  number  either  of  Skulls  or  Brains  will 
generally  be  found  to  contnin  representatives  of  three 
artificial  series  into  which  it  is  convenient  to  divide  them. 
First,  those  of  medium  ojipacity  or  weight;  second,  those 
which  are  more  or  less  decidedly  smsll  (microcephalous); 
third,  those  which  arc  more  or  less  decidedly  lar^o  (mega- 
locoi)halou8).  For  Brain-weights  Thnmara  has  fixed  upon 
the  following  nmnbera,  as  those  most  expedient  to  adopt 
in  the  separation  of  such  classes  from  one  another. 


JJicnocRriULoufl 

BftiiiKi  or  Mkdiuik 

Hkoai.oc»halov« 

Bbaijcs. 

SUK. 

BaiiKK 

a. — Tnripifnt  Micro- 

Men. - 

-40524    Pt    or 

a. — Incipient  Mr^Uf'% 

cephaly^ 

llSft-HSOMraramei, 

rr/»A«/y.                 1 

Men.  —  40-37i    o».    or 

Women 

.  — 35-47i  at.  or 

Men.  —  52i— 65  o«.   or 

1130-10<52  grauimca. 

flyo- 

1345  giutuuiei. 

1490-1  WO  gnmnie^ 

Women — 35-32^01,    or 

Women.— 47J -50  oc  or 

990^920  gnunmea. 

134fiI4l7KnwiiiiaL 

K—U,c%d<dMicw- 

h.—Drtided  Sttgnh* 

rrpkahj. 

erpkalp. 

Men. — Umlof  'il^  o*.  or 

Men.— 55    o>.    or    15«0 

1062  gnmrnos. 

gr«i»mrs,«od  apw»pU 

Womfti. — Under  32J  ox. 

Women.  —  £0     ol      or 

or  920  grammes. 

1417     grammes,   ta^ 

upward*.                     j 

This  is  a  useful  tuhle,  since  it  shows  the  wide  rai 
of  variation  to  be  mot  with  in  the  brain-weights  both 
Men  and  of  Women ;  it  may,  however,  be  supplemented^ 
by  the  conclusions  of  Dr*   Sharpey  as  deduced  fVom  % 

mode  of  life,  are  accustomed  to  exerci»e  their  latelligcDce  in  dif- 
fi^rent  dp^ef»«.  The  prevail™?  mcusnrementa  show  a  distitK ' 
decrease  in  the  or<ler  of  Jiis  four  claBHCfl,  whom  he  deagnates:- 
1,  Siivantfl  fit  I*ttT(S»;  <-^  -pontgeoia  PwiHiens;  3,  Noblea  d'aB- 
cieiineff  families;    ^  \)omrati*l^^^  Vamicnv" 
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careful  tabular  analysis  niinle  by  bim  of  tho  brain-weights 
recorded  by  SiuiR,  Clcudiniiiiig,  Tiedemunn  and  licid. 
Having  rejected  from  his  table  all  those  cases  in  whicii 
cerebral  disease  is  rejiuted  to  Lave  existed,  Dr.  Sharpoj 
says ; — 

**  According  to  this  table  the  maximum  wei^'htof  the  adult  male 
brain  in  a  series  uf  278  cajjeu  vias  65 oz.;  and  tbe  miuimum  weight 
JVi-  c«c.  In  a  series  of  101  cases  the  tnaximnm  weight  in  the  adult 
female  was  06  oz. ;  and  the  minimum  31  oz.;  the  difference  between 
tho  extreme  weights  in  the  mule  subject  being  no  loss  than  31  ok-,  ani 
in  the  female  25  oz.  The  weight  of  the  adult  male  brain  appenra, 
therefore,  to  be  subject  to  a  wider  range  of  variety  than  that  of  the 
female.  By  grouping  the  caaea  together  in  the  manner  indicated 
by  bracketH,  it  ia  found  that  in  a  ver^'  larjje  proportion  the  weight 
of  the  male  brain  ranges  l^tween  4^oz.  and  53  oz.,  and  that  of  the 
female  brain  between  41  oz.  and  47  oz.  The  prccailinff  weights  of 
tho  adult  male  and  female  brain  may  therefore  be  said  to  range 
between  those  terms;  and  by  taking  the  mean  an  average  weight 
is  deduced  of  4?J  oz.  for  the  male,  and  of  44  oz.  for  the  female 
brain, — results  which  correspond  clogely  with  tho  statements  gene- 
roily  received.  .  .  .  The  general  snperiority  in  absolate  weight 
of  the  male  over  tho  female  brain  ia  shown  by  Table  2  to  exist  at 
ev*ry  [Kiriod  of  life.  In  new-born  infants  tho  brain  was  found  by 
Tiedemann  to  weigh  Il|.oz.  to  152  oz.  in  ^b^  male,  and  lOoz.  to 
13|  oz.  in  the  female.** 

(a) — Some  of  the  Conditiona  coinciding  w.ih  low  Brain- 
v*eight8  : — The  average  brain-weight  of  lenons  dying  in 
Lunatic  Asylums  has  been  found  to  be  distinctly  lower 
than  that  of  persons  of  the  same  class  who  are  not 
■insane.  Some  of  this  diniiimtian  of  the  average  brain- 
weight  among  tho  insane  generally,  is  doubtless  due,  as 
Thumam  suggests,  to  partial  atrophy  of  the  convolu- 
tions ;  though  some  of  it  may  also  be  attributable  to  initial 
smallnoss  of  brain  in  certain  of  tbe  reprosontatives  of  this 
asylum  class.  But,  as  the  same  writer  remarks, — **  The 
average  brain-weight  of  those  dying  in  asylums  is  mado 
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ap  of  weights  which  are  above  the  averajje  of  the  healLliv 
brain,  and  of  others  which  are  matorially  below  it.**  la 
general  the  latter  greatly  preponderate,  and  therefore  it  is 
that  the  average  is  low;  bat  among  Epileptics  in  asylums, 
and  occasionally  among  simply  demented  patients,  the 
brain  has  not  unfreqaently  been  fonnd  to  be  considerably 
above  the  normal  or  average  weight  for  sane  individuals. 

In  congenital  Imbeciles  and  Idiots  the  average  wmgbl, 
of  the  brain  is  still  lower  than  it  is  among  those  in  whom.! 
Chronic  Insanity  has  supervened  during  adult  life.  From 
an  examination  of  twenty-two  brains  of  idiots,  some  of 
whom  wore  also  epileptics,  Dr.  Thurnam  obtained  on 
average  weight  for  fourteen  mules  of  42  oz-,  or  1,100 
grammes,  and  for  eight  females  a  weight  of  41*2  oz.,  or 
1,167  grammes.  The  average  of  the  latter  is  cnrioa8ly> 
enongh  almost  identical  with  that  of  the  rest  of  the' 
female  insane  of  the  same  series;  though  that  of  the 
male  brains  is  very  decidedly  less.  Idiocy  is,  therefore, 
not  necessarily  associated  ynih  a  very  small  size  of  bnun : 
though  this  is  frequently  the  case,  still  various  deficiencies 
in  the  internal  structure  and  finer  development  of  Iho 
brain  may  also  entail  a  similar  condttion  of  mental  defect. 

Among  50  brains  of  Idiots  examined  by  Dr.  Langdon  Down,  ^^**J* 
ages  ranged  from  5  to  33  years,  the  minimtiin  wcik'ht  in  a  boy  of  i^ 
waa  15oz.  (425  gram mea);  the  njaxiraum  ^tightin  a  man  of  *.- 
was  as  much  as  59  5oa.  (1,404  grammes).  The  l9lt«r  weight  wm« 
ID  all  probability  one  which  had  been  angmentcd  to  a  considcrmbUj 
extent  by  morbid  tissue  changes  of  a  kind  to  whicb  reforene*  win  , 
presently  bo  made. 

Where  the  weight  of  the  Brain  iaWs  below  a  cerlaiu 
minimum  standard,   the  possosaiou  by  its  owner  of  »ay- 
thing   like   ordinary    Human    iTktcWv^once   seems    to   bo 
impossible.     Gratiolet,   without     «^cc\\\wg  t^l©  ^»  ^^^' 
posed  this  lower  limit  of  woigV^  lo \>ea^>o^^^^ ****•»  ^ 
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900  grammes.  liroca  places  it  somewhat  higher,  fixing 
upon  32  07..,  or  907  grammes,  as  the  limit  for  the  femulo, 
ftcd  37  oz.,  or  1,019  grammes,  as  the  lower  limit  of 
weight  for  tho  male  brain,  compatible  with  ordinary 
Human  Intelligence. 

The  braiu-weighfc  of  Idiots  may,  however,  and  frequently 
does,  full  fur  below  Iho  limits  above  assigned,  and  that 
cither  from  atrophic  disease  ensuing  somo  time  after  birth 
or  from  coni^enital  dofect.  Subjoined  is  a  table  given  by 
Thnrnam  of  tlie  lowest  fifteen  brain-weights  as  yet  re- 
corded amonir  Idiots;* — 


Ko»     Obacrrcr. 


I         1.  ThurDani    . 
I        2.        ..  . 

I        3.  Parcbapiio . 
I         4w  Thurimrn    . 
L        5.  Peacock 
^■6.  Down. 
^H  7.  Owen . 
'        a  Thcilo. 


Biuin-Wkigiits  or  Small-Headkd  Idiot& 


Age,  Weight  of  Dniln. 
Oe.    Giiuiti. 

.    29  3.:.-7tJ  1013 

.    22  35-5    lOCIfi 

40  3^-2      i>70 

.■^2  32         £>07 

11  21  2  GUO 
18  15  425 
22  13-12  372 
26  10-6      300 

12  8-5      241 


No. 

1.  Bucliiiill 

2.  Sima  . 

3.  I'urcbnpiie 

4.  Tulo  . 

5.  TiedeiuuuD 

6.  Gore  . 


Ajfo.  Weight  of  Brata. 
OS.  OriDiii. 
32-5  921 
27 
25-4 
2275 
lUU 
10 


37 
12 
25 

70 
IG 
42 


765 
720 
644 
563 

283 


(h) — Some  of  the  Conditions  roiucidirifj  nith  high  Brain' 
vrei^his : — Very  low  brain-weights  are,  as  wo  have  seen, 
only  coTisifitont  with  Dementia  or  Idiocy.  Very  liigh 
"brain-weights  may,  however,  bo  met  with,  either  (1)  in 
Association  with  these  same  morbid  conditions  or  among 
insane  porsous  belonging  to  other  ealegories;  (2)  in  very 
ordinai-y  sano  individuals  ;  or  (3)  among  the  most  highly 
iuteJIectnal  members  of  soeietv.     That  the  latter  asso- 

Itoc,   cit.,  p.  20.    RtiferonccB  to  tbe  original  deacriptionB  of 
these  /iraioa  arc  cilud. 


066 


THE    BIZK    AND    WEIOIIT 


ciation  diould  be  encountered  is  harmonious  encngb 
with  commonly  received  beliefs,  though  the  existence  of 
the  two  former  will  be  regarded,  at  £rst  sight,  as 
altogether  anomnlouR.  But  it  is  not  so  aiiomaloas  as 
it  may  seem. 

(1.)  In  regard  to  associations  of  the  first  order  Thumam 
found  that  in  about  10  per  cent,  of  the  males  and  7  per 
cent,  of  the  females  who  died  in  the  Wilts  County  Lunatic 
Asylum,  the  braiu-weight  exceeded  the  npper  limit 
the  "medium  size,"  viz.,  52^  oz.  and  47^ ok.  re 
tivcly  ;  while  in  from  3  to  4  per  cent,  decidedly  me 
cephalaua  weights  were  met  with^that  is,  above  56  os 
and  50  oz.  respectively.  These  facts  agree  pretty  closely 
with  the  obHcrvations  more  recently  published  by  Dr.  C. 
Clapham/  although  the  proportion  of  decidedly  megalo- 
cophaloua  weiglits  was  found  by  this  latter  observer  to 
be  slightly  higher  in  his  larger  series  of  brain-weigh 
obtained  from  a  more  northern  English  Asylum.  Tbufl^' 
among  700  male  brains  there  were  no  less  than  43  the 
wfif^lit  oF  which  was  55  oz,  and  upwards — and  of  these 
weighed  even  as  much  as  60-61  oz.t 

In  reference  to  the  brain-weights  met  with  in  the  Wilts 
Asylum,  Thumam  says: — 


nauc 
lit  oS^— 
speaS 
gaIo<^H 
5  ox.^l 


"The  lar^e  Lrairia  above  reviewed  are  with  Utile  exception  tboflvl 
of  por<4i>nH  in  the  lal)ouririgor  artiftiin  cIora,  and  if  in  any  of  thei 
tht^re  waa  an  unusual  degree  of  intcHigence,  the  sphere  fur 
exercise  must  have  heen  very  limited.    The  heaviest  hrain  weifjl 

♦  WvA  Hiding  Asylum  Reports,  vol  vi.,  187fi. 

f  Is  the  h>wcr  pei-eentage  of  decidedly  mcgalocepbiUons  hrnins 
met  with  by  Thuriuini,  to  be  accounted  for  by  the  difference 
goograpliical  area  from  which  the  nhore  two  seU  of  patients  wei 
derived?   or  may   it  not  bo  just    as  niucti  due  tu  the  fact  thi 
Tbarnam'fl  wei}{hinga  went  made  after  previons  slicinf^  and  pi 
Wogod  drainage  of  b'ood  and  serum  had  toien  place?  (see  pi  363.}^ 
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by  me  (02oz^or  1,760  grammes)  was  tlmtof  an  uneducated  butcher, 
who  wa«  jttet  able  to  rend,  and  who  died  Ruddenly  of  epilepsy  com- 
bined with  mania,  after  about  a  year's  illncsa The  heaviest 

brain-weiglit  recorded  by  Dr.  Backnill  is  timt  of  a  male  epileptic, 
aged  thirty-seven;  and  in  this  instance  the  bmin  weighed  C^i'5  oz., 
or  1,630  grammefl,  which  was  the  weight  of  the  brain  of  the  cele- 
bnted  Gavier.  With  one  exccptiun  Uiu  maiimum  weight  observed 
byM.  Parch;' ppe  waa  altsotlmt  of  an  epileptic  man,  aged  thirty-one, 
iu  whose  case  tbe  brain  weighed  Sl'Soz.,  or  1,737  grammes.  The 
heaviest  ftmaU  hroin  of  which  I  find  any  mention,  is  recorded  by 
Dr.  fik:ie.  The  patient  was  not  epileptic,  but  hiboured  under 
monomania  of  pride,  d>ing  st  the  age  of  thirty-nine  of  an 
exhausting  dittense — phthibia.  The  brain  had,  for  a  tooman,  th& 
vioiistrous  weight  of  61'5  on.,  or  1,74'3  giavtmes.*' 

It  is  possible  that  these  decidedly  heavy  Brain-weiyhta 
may  be  met  with  in  a  slightly  higher  ratio  anioiifj  the 
iosane  than  among  the  8ane  members  of  any  particnlar 
class,  and  this  for  tho  folIo\\-ing  reasons: — First,  Insanity 
is  a  condition  dependent  upon  various  morbid  states  which 
may  perhaps  be  said  to  )>o  equally  prone  to  occur  in 
large-brained  and  iu  Bniall-brained  individuals  ;  sccondhf, 
in  some  of  tho  cases  of  this  disease,  with  or  without  the 
association  of  Epilepsy,  the  organ  or  considerable  parts 
of  it  tend  to  become  indurated,  owing  to  a  dinpropor- 
tionate  development  or  actual  overgrowth  of  tho  lower 
ai»d  functionally  inert  constituents  of  the  brain — its  mere 
connective  tissue  or  '  neuroglia ' — ^just  as  other  organs  of 
the  body^  tho  liver  for  instance,  may  be  spoiled  function- 
ally though  actually  increased  in  bulk,  owing  to  a  similar 
connective  tissue  overf^TOwlh.  This  is  a  condition  apt  to 
be  met  with  in  confirmed  Epileptics.  And,  tkirdli/,  should 
one  0^  these  latter  patients  happen  to  die  in  a  £t,  great 
fulness  of  tho  blood-vessels  of  the  brain  may  operate  aa 
another  cause  tending  to  augment  the  brain-weight — as 
it  is  well  known  to  do  in  whatever  way  the  congestion 
may  Lavo  been  produced.     Wagner  has  called  special 
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attention  to  this,  aud  to  the  fact  that  brain*wc]ght8  o 
aflccted  not  oaly  Ly  Icugth  and  kiud  of  illness,  bat  bj 
mode  of  death/ 

(2.)  Bat  aguin,  high  £raiu-weights  hare  oocaBionally 
been  met  with  by  many  observers  in  the  examination  of  the 
bodies  of  quite  ordinary,  common-place  individuals,  who 
during  life  have  neither  been  insane  nor  notable  foi  any 
unusual  degree  of  intelligence. 

Perhaps  the  largest  set  of  tables  from  which  we  can 
obtain  trastworthy  information  on  this  subject  has  been 
supplied  by  Dr,  Peacock,  and  concerning  these  Thurna 
writes  : — 

"  In  Dr.  Peacock's  tables,  out  of  Ihe  157  wcighu  of  brains  of 
ndiilt  Scotchmen,  between  twenty  and  «uty  ymm  of  age,  Iberearn 
four  in  which  tbia  rangevt  from  61  oz.  to  6*275  oz.»  or  from  1,728  to 
1,778  grammeB.  They  were  all  ap|>arently  of  the  artisan  clua; 
the  occupation  of  thret^  of  them  bein^  those  of  Bailor,  printer,  aot^H 
tuilor  IX' tjpec lively.  The  cuust.'8  of  death  were  fever,  deUriiiiB^^| 
tremens,  and  in  two  ciwes  severe  coni|)ound  fracture.  All  were 
[affections]  more  or  less  liable  to  be  attended  with  cerebral  con- 
gestion ;  and  thci%  is  nothing  to  show  that  theso  individuals  wcrf 
distinguished  from  their  fellows  by  aoperior  cndowmenta.'* 

The  heaviest  Human  Brain  as  yet  on  record  seems 
also  to  have  belonged  to  a  person  of  tliis  class.  A  brief 
account  of  it  has  been  published  by  Dr.  James  Morris.t 
The  man  from  whom  it  was  taken  was  a  bricklayer, 
thirty-eight  years  of  ago,  who  died  from  pyicmia  in 
University  College  Hospital  in  1849,  shortly  after  a 
Burgical  operation. 

Dr.  Morris  lays : — "The  weight  of  the  brain,  taken  imnitdiatelj 
on  removal,  exceeded  67  oz.     This  weighing  was  most  curcfallyl 
niude,  and  was  witnonsed  by  several  studcnta.     Tlie  br;un  was  weU' 
proportioned;  the  coavulutions  were  not  tluttoned,  though  the  sor- 

♦  Vonrtiidien,  1K62,  2«-  Abb  ,  pp,  it3-95. 

t  "  13ril.  Med.  Journ,"  Oct  26,  1872,  p.  465. 
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face  was  fairly  moist ;  it  only  lost  about  one  ounce  weight  after  the 
Uisnul  dissection  and  draiuing  for  two  hours."  The  man's  height 
wua  tive  feet  nine  inrhca,  and  he  was  of  a  robufit  frame.  It  wiu 
difticiilt  to  obtain  any  satisfactory  history  of  him — his  wife  and  his 
landlady  pfare  different  ac^^oiints.  It  seeniod,  how(>ver,  that  he 
was  a  native  of  Sussex ;  that  he  "  had  left  his  native  villat;^  and 
changed  hifl  name  on  occonnt  of  some  poaching  tronbles;  that  he 
was  not  very  sober;  had  a  good  memory,  and  was  fond  of  politics. 
He  conld  neither  road  nor  write.  **  Whiitever  his  potentialities 
might  have  been,  therefore,  it  is  evident  that  his  actual  acquire- 
Toents  were  not  great. 

(3,)  The  comments  wliich  vio  sliall  Lave  to  make  on 
these  latter  cases  will  bo  better  reaeiTed  till  some  illastra- 
tions  have  been  given  of  the  exist<*nce  of  high  Brain- 
weighta  among  men  of  great  mental  powers  and  acf|uire- 
ments — some  of  whom  in  their  various  spheres  of  life  ami 
occupation  have  been  amon^  the  foremost  representatives 
of  Human  Intelligence,  Subjoined  is  a  list  given  bj 
Thurnam,  to;*ether  with  eight  additional  brain-weights, 
viz.,  those  of  Schiller,  Agassiz,  Professor  Goodsir,  Sir 
Jnmes  Simpson,  Mr.  Chauncey  Wright,  Do  Morgan, 
Grote,  and  Dr.  Hughes  Bennett.* 

BaAIN-WtlGUTS  OF  DlSTINtiUISUED  MUN. 

XAine.  Age.     Ounces.  QnmmM. 

1,  Cuvier,  KatHralint       .         .         .     C3         ^'5       1S30 

2.  Abercromhie,  Physicum     .        .64        63         1786 

*  Befcrences  will  be  found  in  Dr.  Tharnam's  paper  for  the  place 
of  record  of  most  of  these  high  broin-woighta  tabulated  by  him. 
Tlie  eight  additional  weights  here  given  have  been,  in  the  above 
order,  thns  referred  to,  publisheJ,  or  uscerluincd: — (1)  Schiller  and 
Agasaiz.  by  Daniel  Wilson,  in  "Canadian  Jonrnal/'  Oct  1876; 
(2)  Goodair's  "Anatom.  Slemoirfl."  vol.  i.  p.  106  (1868);  (3)  "  Med. 
Times  and  Gtiz,"  May  ]4,  1870.  p.  532;  (i)  Tbos.  Dwighfc  in 
"Proceed.  American  Acad,  of  Arts  and  Sciences, "  vol.  xiii.  (1878); 
(5)  Examination  made  hy  Dr,  Wilfton  Yox  and  the  writer  in  1871 ; 
(«)  Eiamination  by  Pit>f.  Marshall  in  1871 ;  (7)  "  Brit.  Med 
Joorn.;*  Oct  9, 1873. 


870 


THK    SIZK    AND    WKUJHT 


Koms. 

a  Schiller,  PoeJ      . 

4.  GoodaiT,  Anatomt'ai     .         • 

5.  Spuriheim,  Physician 

6.  Jumes  Simp«)D,  Phtjiiician 

7.  Diriclilet,  Mnthvunttirinn    . 

8.  De  Morny,  Stateeman 

9.  Daniel  Webeter,  St'itenutan 

10.  Campbell,  Lord  Chancellor 

11.  Chauncey  Wrij^ht,  Pht/fid^t 

12.  Af^ssizy  Niituralist    . 

13.  Clialmers,  CcUhrcUed  Prtacher 

14.  Fucbs,  PaiholoQht 

15.  Dc  ilorgan,  MathcmaficUm 
10.  Gaiisfi,  Mtithematir.ian 

17.  Dapnytren,  Sur^tfoji  . 

18.  Grote,  Iliatoi-iatt         .        , 

19.  \Vhewell,  Philosopher. 

20.  ITormann,  Phih/loijint 

21.  lluj^hes  Bennett,  Phxjaician 

22.  Tlcdeniann,  jinafomMf 

23.  Huuamann,  Mineralogist    . 


Agr. 

Oanodft  C 

Inunmoi 

'W 

G3 

17S5 

53 

575 

1630 

56 

55-06 

l5o9 

59 

54 

1533 

54 

53-6 

1520 

50 

536 

loiO 

70 

53-5 

1516 

80 

53-5 

1516 

45 

53-5 

1516 

66 

533 

1512 

07 

53 

1502 

59 

52-9 

1409 

73 

52-75 

1496 

78 

55-6 

1493 

58 

m-l 

1436 

7B 

4975 

1410 

71 

49 

1390 

51 

47-9 

1358 

63 

47 

1332 

8U 

44^ 

1254 

77 

43-2 

12:i6 

It  iH  worthy  uf  note  that  iu  this  list,  in  addition  to 
the  gTOftt  pn^portion  of  high  Brain-woights,  there  are  also 
four  of  diHlinguished  men,  which,  even  after  allowance  has 
been  made  for  some  amount  of  atrophy  consequent  upon 
age  iu  two  of  them,  would  more  or  less  disliuctlj  fall 
heneaLh  the  mere  average  weight  of  49  oz. 

The  fiicts  set  forth  in  the  above  tiible  as  well  as  thosa 
detailed  in  the  last  section,  are  principally  of  interest 
from  their  bearing  upon  the  much  and  long-debated' 
question  as  to  the  existence  of  any  necessary  or  inTariabk 
connection  between  mfvc  size  or  tccight  of  Brain  atid 
hUtlligence»  Upon  this  subject  a  few  brief  remarks  maj 
now  be  made. 

In  the  di'st  place  then,  it  seems  perfectly  plain  from  tho 
facts  recorded  that  there  is  no  necessary  or  invariable 
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relation  between  the  degree  of  Intelligence  of  human 
beings  and  the  mere  size  or  weight  of  their  Bruins. 
We  hare  seen  that  some  demented  persons  may  have 
very  largo  brains  ;  and  again,  that  in  certain  very  ordinary 
members  of  society,  suffering  neither  from  disease  nor 
from  oongeuitul  defuct,  the  brain  may  bo  decidedly  large 
and  heavy.  On  tlio  other  hand  men  of  great  acquire- 
ments^  of  acknowledged  lueuUtl  power,  and  one  or  two 
even  of  European  fame,  may  have  been,  whilst  in  their 
prime,  possessed  of  brains  either  below  or  only  slightly 
exceeding  the  average  weight  of  the  male  brain  in  civilized 
races,  viz.,  49  oz. — showing  that  a  well-constituted  Brain  of 
small  dimensions  may  be  capable  of  doing  much  better 
work  than  many  a  larger  organ  whose  internal  conslifcutiou 
is,  from  one  or  other  cause,  defective. 

Looking,  in  fact,  to  the  mere  size  and  Aveight  of  a 
Bmin,  it  must  never  bo  forgotten  that  these  may  bo 
notably  augmented  by  overgrowth  of  its  mere  inert  con- 
nective tissues;  or  even  if  morbid  tissue  changes  bo 
absent,  that  an  organ  of  large  size  or  weigbt  may  yet  be 
more  or  less  inferior  perceptive  or  thinking  insti'ument 
by  reason  of  its  inner  and  finer  developments  being 
defective  and  badly  attuned  for  harmonious  action.  Or 
igain,  it  may  be  a  defective  instrument  by  reason  of  some 
still  more  subtle,  and  mere  raolcenlar  peculiarities  of  the 
nerve  elements  of  which  it  is  composed — whereby  these  are 
perhaps  both  less  receptive  and  less  '  retentive  *  of  those 
Sensorial  Impressions  which  constitute  the  raw  material 
of  Intelligence,  and  also  less  capable  than  they  might  be 
of  taking  part  in  higher  Mental  Operations. 

There  is,  therefore,  no  invariable  or  necessary  relation 
^^  between  the  mere  Brain-wciglits  of  individuals  and  their 
^■degrees  of  Intelligence.     But  should  it  be  asked  whether 


.a; 


'<!;4puciUe8,'  is  Ibe  reul  direction  in  wliich 
for  evidences  of  class  or  racial  snperiorit^ 
This  nioilified  or  more  correct  form  of 
based  upon  vflrious  facts  which  give  it  a 
port.    Ab  previously  stated,  the  proport 
luej^ttlocephalous  *   male   brains  has   beo 
the  lower  and  less  educated  members  of 
between  4  and  G  per  cent,  for  persons  u 
of   age ;    wliilo  in   the  above  table  of   I 
DifitinRuiBhed  Men  (which,  be  it  observec 
a  selected  li»t,  since  it  comprises  all  such 
to  the  writer  as  having  been  recorded)  t 
thoso  exceeding  55  oz.  amounts  to  near|| 
and  might  have  been  much  larger  still  ( 
for  the  great  age  of  some  of  the  distinguil 
whoso   brains   were   examined.      For,  nol 
marked  amount  of  senile  atrophy  in  somtf 
no  less  tlian  eleven  of  them  still  weighfi 
It  seems  quite  possible  that  those  of  Sir  J 
Daniel   Webster,    Lord    Campbell,    and 
Morgan   and  Gauss,   may  each  have  exG< 
weight  when  these  distinguished  men  wi 
good  health  but  distinctly  under  sixty  yeai 
in  this  case  the  number  of  '  decidedly  mi 
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large  size  of  an  organ  such  as  the  Brain  prives,  porliaps,  a 
more  than  avomgo  warrant  Uiat  its  inner  dpvolopinent  will 
be  adequately  carried  out,  and  that  the  or^'an  will  be  biphly 
endowed  with  its  own  proper  kind  of  vitality.  If  how- 
ever it  does  not  fall  short  in  cither  of  these  respects,  an 
increas<-"d  size  of  Bruin  ou.L;ht  to  bo  a  dihtinct  advantu^^^e  for 
its  o^^^ler;  and,  should  the  general  and  special  conditions 
of  life  be  ut  all  prupitiouK,  would  Lo  likely  to  favour  the 
development  of  great  Mental  Power  or  the  acquisition  of 
mueh  Learnin):;. 

The  tendency  to  the  occurrence  of  high  Brain-weights  in 
much  larger  proportion  among  the  civilized  than  among 
uncivilized  or  little  civilized  races  has  been  already  referred 
t<)  in  this  chapter.  This,  together  with  the  other  most  note- 
worthy and  well-estal)lishod  fact,  that  such  differences  of 
brain-weight  are  found  to  be  far  more  marked  among  the 
Men  than  among  the  Women  when  higher  and  lower  races 
are  compared,  afTords  most  valuable  evidence  to  show  the 
extent  to  which  the  Human  Brain  has,  in  the  course  of 
many  generations,  gone  ou  increasing  in  size  under  the 
influL'Uce  of  tliat  augmented  use  and  exercise  apt  to  be 
entailed  by  a  life  passed  in  a  state  of  Civilization, 

But  the  longer  a  state  of  Civilization  has  existed  among 
any  particular  peoi)le,  the  more  generally  diffused  among 
the  indinduals  of  such  a  people  should  be  the  tendency 
to  inberit  u  brain  of  full  dinicuKions,  And,  except  it  be  duo 
to  some  quasi-accidental  and  little  understood  race  distino- 
tions,  how  else  are  we  adt'tpuittly  to  explain  the  remarkable 
series  of  Chinese  brain-weights  published  by  Dr.  C.  Clap- 
ham?  In  these  sixteen  chance  individuals  of  the  Coolie 
class  the  brain-weights  are  distinctly  above  the  average  for 
English,  French,  or  Germans,  of  the  same  social  grade, 
and,  though  to  a  less  extent,  also  above  that  for  Scottish 
Lowlauders. 

ir 
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He  the  cause  what  it  may  (and  their  mo<le  of  Hi 
mast  not  be  forgotten),  it  would  scarcely  be  possible  to 
point  to  such  another  scries  of  figures  for  any  sixteen 
chance  individuals — with  the  single  exception  of  those! 
recorded  in  our  table  of  *  Brain-AVeights  of  Distingniabed 
Men.' 

It  is  not  at  all  necessary  to  suppose  that  the  individual 
Chinese  Coolies  were  capable  of  displa.ving  any  notablej 
amoimt  of  ijitellectual  'acquirement'  or  'power/  in  order 
to  justify   their   possession    of  such    large   brains.     Dr. 
Clapham  records  a  fact  of  some  significance  in  this  con* 
nection  when  he  says: — **  Of  the  capacUt/  of  tlie  Chinese' 
Coolie  cksH  for  lourniug  I   am  not  inclined  to  speak  bo 
lightly,  but  OH  the  coulrary  am  convinced  of  their  natural 
aptitude    in    thtfi   dirocl,ii>n."     Wo   have   in   these  facts. 
perhaps,  just  what  nii^fhfc  he  expected  as  a  result  of  ft' 
very  long-continued  antecedent  civilization  even  of  a  low 
order,  viz.,  the  inheritance  of  a  lurge  Brain  together  with 
a  good  aptitude  or  '  capacity  '  for  learning.* 

The  l^rain  is  ditferent  from  all  other  organs  of  the  body.j 
It  is  oftou  a  mass  of  structural  potentialities  rather  tbanj 
of  fuily'develoi>ed  ncn'e  tissues.     Some   of  its  elements, 
viz.,  those    concerned   with    best-established  InBtinctive! 
Operations,   naturally  go  on   to  their   full  development 
without  the  aid  of  extrinsic  stimuli ;  others,  however,  and 
large  tracts  ol  these,  seem  to  progress  to  such  devetop« 
menta  only  under  the  influence  of  suitable  slimuH.    H< 
nulural  aptitudes  and  poteucies  of  the  most  subtle  oi 
may  never  bo  manifested  by  multitudos  of  persons,  for] 
want  of  the  proper  stimuli  and  practice  capable  of  per- 
fecting the  development  aud  functional  activity  of  those! 

*  Se«  pp,  351-353,  where  some  facta  are  mentioned  trading  to 
b)u>w  thiit  Civilization,  acting  through  long  perioJa,  doei  b<Jlp  U 
bring  abootao  incrotiM  in  tlie  size  of  ll>c  bmin. 
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rrj^Vma  of  the  brain  M'hosn  action  is  insopurnbly  related 
to  the  mental  phenomena  in  qacstion. 

The  development  hero  referred  to  is  Qf  the  finer  sort ; 
that  which,  to  some  extent,  eludes  our  present  moans  of 
ohservation.  Its  cRtahlishinent  may  ]>e  associated  with 
an  altogether  insi^mificant  increane  of  weight,  and  perhaps 
no  iucreasc  in  size,  of  the  organ  as  a  whole.  Yet  a 
development  of  previously  cmhryouic  Nerve  Ceils,  together 
with  an  estalilishment  of  multitudinous  new  couuectious 
liotween  them,  hy  means  of  '  intcrceHtihir  processes'  and 
'commissural  fihres,'  may luive been  taking  place  through- 
oat  large  tracts  and  areas  of  the  Brain,  to  an  extent  which 
it  is  altopother  impossible  for  us  adequately  to  realize.* 

That  this  is  no  mere  fancy  is  in  part  evidenced  by  other 
facts  previously  stated,  viz.,  that  Uie  male  brain  actually 
attains  -^ths,  and  the  female  brain  ■{  f  ths  of  its  total 
ultimate  wei-^ht  by  the  end  of  tlie  seieiitk  year — although, 
at  this  time,  the  inner  and  finer  structural  development 
of  the  organ  is,  in  all  its  hi;^her  tracts,  still  in  a  com- 
paratively embryonic  condition.  Even  such  data  might, 
therefore,  bo  considered  to  show,  in  the  strongest  manner, 
how  comparatively  unimportant  is  mere  bulk  or  weight  of 
iJraiu  in  reference  to  the  degree  of  Intclligenco  of  its 
owner,  when  considered,  as  it  often  is,  apart  from  the  mucli 
more  important  question  of  the  relative  amount  of  its  grey 
matter,  as  well  as  of  the  amount  and  perfection  of  tho 
minute  internal  develojiment  of  the  organ  cither  actual  or 
possible. 

•  See  p.  346,  for  the  Btiitoment  made  by  Locklmrt  Clarke  aB  to 
the  chaructoristica  of  the  crabryonio  or  undovclopetl  nerve  ele- 
ments met  with  la  the  Ccrvbrul  ConvolutionB  of  tho  frntos. 
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The  Braiu  of  Mau  belongs  to  the  same  typo  or  patUsru  as 
tbat  met  with  among  Apes  and  Monkeys.     Whatever  in- 
terprotaLiou   may  be  put  upon   it,  this   fact  itself  is  ti>a] 
obvious  to  ndmit  of  any  doubt.     The  same  Renerul  shapOi 
is  to  be  seen,  the  Bauio  lubos^  the  same  priucijml  fissures. 

It   is   true   that   important    differences   arc   also    en-l 
countered.      The   relative   size  and  development  of  the| 
several  Lol>e3  is  not  the  same.     There  is  a^aiu  in  the! 
brain  of  Man  a  much  greater  richness  and  complicjtr^*  of  | 
the  *  secondary '    fissures    and    Convolutions ;    whilst  a 
difference  eclip8in<j^  all  others  iu  importauco  is  to  be  found 
on  the  side  of  weif^ht.     The  maximum  Brain-weights  that 
have,  as  yet,   been  encountered  among  the  great  '  man- 
like '    ApcB,  range  from  12-16  oz.,  although  tho  body- 
weight  of   some  of  these  creatures  equals  or  may  even 
greatly  exceed  that  of  an  ordinary  Man. 

Striking,  however,  as  the  diHerence  is,  between  the 
brain-weights  of  the  great '  man-like '  Apes  and  those  of 
ordinary  human  beings,  it  must  not  be  forgotten  that  the 
actusl  rango  of  variation  met  with  among  individual  ^Ica 
is  still  greater.  Somo  persons  may  exhibit  distinctly 
human  attributes  and  mental  powers,  though  possessing 
brains  which  do  not  exceed  32  oz.  in  weight,  whilst  the 
same  organ  in  other  Men  may  rise  to  a  maximum  of 
64-07  oz.     Such  facts,  together  with  others  already  cited. 
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certiiinly  imply  the  existence,  in  llio  JJniiu  of  Man,  of  a 
remai-kablo  capacity  for  gi-owth  auil  develoiiment,  under 
the  long-contiuuc'tl  influence  for  generation  after  genera- 
tion of  those  moJos  of  life  «nd  cereLrnl  activity  which 
are  almost  insopavulile  from  oxistcuco  iu  a  luoro  or  less 
Civilized  Cummuuity. 

In  studying  the   external  contignraiiou  of  tbe  llumau 
Brain,  it  will  be  most  exjiedieut,  iu  the  iirst  place,  to  look 


FlO,  19&— Bruin  of  lite  rTnttontot  Vcnun,  ri*Ie  view  {^0^,  after  Omtlolat.) 
F,  FrontAl  lolw:  l*.  |<unutal  IoIm:  O,  ocdt>ita]  iohe;  T,  tctnponil  lobo:  r,  Cere- 
lielltitii ;  Po,  )>>ni  VutvlH  :  ^'  M,  nnxlutU  ohlciigiita;  S,  Sylriiui  flMfiiru  ;  Jt,  Qnniro  of 
Kulutido;  PS,  pnrnUel  fi.wiiro.  a*.  U^ier  fold  nf  fronUl  oonvvlutluiui ;  a^,  mJddlo 
fi>M  nf  fniiiUl  cdDvnliitlmiii :  a*,  luwor  tiAil  nf  frotitnl  coDTiiIutitmi.  A,  Ancvtidiiig 
fmnul  i"T;iriUrlorceiitril)  convitlniion  :  B.  a>vetiti\ng  f«i*l«ta]  (or  posl*ri'T  central) 
coDVoIiitlnii ;  &',  M,  M.  upper,  miiUIlo  ftnd  kiwcr  foldn  of  pArictnl  mnvnlutiiitis; 
''',  c^,  e^,  Dpiwr,  mlildio  uid  lower  fold"  ft  tcmpanil  c^Hivoluiiuits  ;  di,  cfS,  ilj,  upperi 
middle  uid  li>wir  fi'lde  n(  occijtital  ci>nToluttoiiii. 


to  the  characters  of  the  organ  us  it  exists  iu  one  of  tho 
lower  races  of  Mankind.  We  may  then  ndvantageously 
compare  one  of  these  simpler  types  with  tho  more  highly 
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evolved   forms  of  the  same  organ,  suub  ns  are  coinmoii 
amonj^  representativtis  of  the  hi<^her  civiliised  races. 

TLe  brain  of  tbo  so-called  *  Holteutol  Venus  *  was  care- 
fully examiuoi 
and        tiered] 
by      Gratiolet. 
Though  her  in- 
telligence   m 
not        notabl! 
defective, 
convolutions 
ber  brain  wer«] 
relatively   rei 
little      complin 
oated.        A I 
c- 1 )  m  in  e  n  t  i  n 
upon  this  faci 
Gratiolet  adds: 
— '•  But    whiit 
strikes  one, 
onc^.isthesim- 
]»licitY,  the  re- 
pular  arran^, 
of    the J 
con  vol  u- 
wbich 


ment 
two 


Pm.   134.  — Bralu  ol    the  nuttetitot   Vaniui.   ii)ii>er   iuj<cMrt. 
(Vofft,  a(U'rOniti'<let.) 

L,  LutitritMfUnnl  Bwurc ;  H.  fifuture  i>C  Rulantlu ;  V,  Tcrtksl 
or  porpontJliul ir  flfwiinj;  (/.  ucIfiltAl  Ivlw.     i/',  n^,  tx^,  L'piwr,  tlOnS 
rni'lJU  aif]  Inwur  foldR  of  fronfal  cuuvo)iitlnti<i :  J.  uscciHlluff  ^\ 

fr.Mit.U,    (iml    B,   :wcen.liiig   [iari<-Ul  runvoliiUom. ;  A".  tA,  t*^  OHipOSO  lUL 

uH*r.  mliMle  axvX  lower  UMn  of  rnrtuUl  coiiVvI'iUuna ;  </',  SUpCflOr    antrlo 
liiwor  fuM  uf  uccliilUl  coiiTolutlunii.  m       \  m 

of  the    frontal 
lobe.      These    folds,  if  those  of  the  two  hemispheres 
compared,    present,  as  wo  liuvo  already   pointed  out,   a 
almost   perfect    symmetry,    such    as   is    never    exbibiteil 

by  normal  bmins  of   the  Caucasiiin  race This 

regularity — this  s^Tuuietry,  iiivuluutwrily  recalls  tbo  regu 


s 
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rity  and  symmetry  of  tLe  cerebral  coiivolntions  in  the 
wer  species  of  animals.  There  ia,  iu  ihi.s  respect, 
betwoen  the  brain  of  a  white  man  and  that  uf  this  Bos- 
jesmau  woman  a  difference  such  thiit  it  ciinnot  be  mis- 
taken ;  and  if  it  be  constant,  aa  there  is  every  reason  to 
suppose  it  is,  it  constitutes  one  of  the  moat  interesting 
facts  which  have  yet  been  noted." 

The  most  complete  description  we  at  present  possess, 
however,  of  the  Brain  of  a  representative  of  one  of  these 
lower  races  has  been  ffiven  by  Prof.  Marshall  iu  hia 
Memoir  on  the  brain  of  n  Bushwoman.*  The  organ  in 
this  Honth  African  woman  was  decidedly  small,  as  will 
have  been  gathered  from  what  has  been  said  in  regard 
to  it  in  the  last  Chapter  (p.  350).  Certain  portions  of 
Marshairs  description  are  here  reproduced  in  his  own 
words. 

General  Shape  of  the  Cerebrum.  '*  When  viewed 
from  above,  the  Bushwomau's  Cerebrum,  like  her 
cruuiuui,  presents  a  long  and  narrow  ovoid  form.  The 
line  of  greatest  width  corresponds  with  the  parietal  emi- 
nences, and  is  placed  rather  far  bock,  viz.,  at  two-thirds 
of  the  total  length  of  the  Cerebrum  from  its  anterior 
border,  so  that  one-thii*d  only  is  behind  those  eminences. 
From  this  prominent  parietal  region  the  Cerebrum 
slopes  or  falls  away  in  all  directions — veiy  suddenly  buck- 
wards  and  rather  so  forwards  as  far  as  the  entrance  of  the 
Sylvian  fissure,  where,  like  the  fcetal  brain,  it  appears 
remarkably  constricted,  and  then  widens  again  a  little  at 
the  outer  angles  of  the  frontal  region,  which  is  neverthe- 
less decidedly  narrow.  The  left  hemisphere,  as  seen  from 
above,  is  '2  of  an  inch  longer  than  the  right,  the  increase 
being   almost    entirely    behind.      This    relative    greater 


*  "Phil.  Tran8ri864,  p.  601. 
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length  of  ohe   hemisphere  backwards  (usually   the  l 

BO  far  hh  I  have  ol)sen*ed)  is  rery  common  in  European 

brains," 

•'  Viewed  laterally  the  parietal  region  is  salient;  ib< 

vertex  is  low  and  fluttenod,  its  hi^'hest  point  bein^  placed 

fur  back ;  the  frontal 
region  is  shallow.'* 
....  "  The  tem- 
poral lobo  is  narrow^ 
the  line  from  its 
point  to  the  tip  of 
the  posterior  lobe 
being  very  long  ;  thw 
curve  formed  by  the 
uuder  border  of  the 
Cerebrum,  above 
the  Cerebellum,  is 
slighU'r,  and  its 
direction  more  ob- 
lique npwonls  and 
barkwai-da  than  in 
the  European  brain, 
owing       apparently 


ward     development 


tia.  135.-TTie  BroUi  of  a  Duabworaaa,  tipper  i»- 
poct.    (iloath,  after  lIuri^lLino 

F.  Fnmtal  lAn;  O,  occipital  lolw;  T,  imriotal  tO  a  Waut  Of  down- 
lobu ;  ft,  H,  ft«8uro  of  IttilAn4o ;  P,  parict/^-ncoiitltAl 
Awuru;  A.  A,  mipra-murgiDiU  lubule.  '1,  S,  MitMIc.imd 
3,  B,  upperlruutal  c«>nTuliitlon :  4,  4.  a»cci)<liuir  frotiUl.  of  tllO  OCcipitul  re- 
aiMlfi,R,ii»oen(lin]j  pctrictol  ctHivuliition  ,  y,  V,  lohiileuf 
•*i<«tidlntf  parietal  courolutiim ;  a,  ft,  an^liir  fxiivolti- 
tton  ;  10. 10,  tipper.  Mid  11,11,  Inwor  noclplbil  onvnlii- 
tlun.  a, «,  fint,  and  fi.  MMond  conuecling  ouiivolutiuiu. 


gion   which   is  very 
fthullow  ....  the 
tips  of  the  tomporul 
lobes  are  pointed  and  much  incurved  towards  the  middle 

line The  orbital  surfaces  are  eapccially  contracted, 

but  have  a  square  or  human  and  not  a  pointed  or  ape- 
like shape," 

Taken  as  a  whole  this  brain  of  the  Bushwoman.  whon 
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compared  x^ith  that  of  the  European,  was  fouud  to  \>e 
8[»ocirtlIy  defective  in  depth  and  vertiral  height. 

Fissures,  Lobes,  and  Convolutions  of  the  Cere- 
brum. •'  The  lissure  of  S_vlvius  in  the  liushwoman's 
bruin  extends  weli  hackwards,  but  inclines  more  upwards 
than  in  the  European  brain,*  and  its  course  is  marked 
aoou  atler  its  comnieucenieut  by  a  peculiar  horizontal 
step Its  mar/ins   are   not    very  closely  adapted 


Fin.  13fl.— Tbo  Drain  of  a  Diubwoman,  bt^ml  lupcrt.  (FTeaUi,  after  MarnhalL) 
Leit«naii>I  AgMnmft  rrfctrnctttn  part  oe  Id  Lost  fltiorc,  7',  toiufn>nil  ]ob«  ;  c.  IdImk]  of 
Bail :  *.  *,  A'D^uo  of  Sylvliu  :  1.  I,  lower  or  Uilrd  froninl  conTuluUnn ;  7,  7  ;  8,  8  ;  V,  0, 
throe  temiKmU  ooDvoiutians ;  /  /,  aikI  $,  p^  pamllal,  luid  lufurior  tetujwnU  fiAmrua. 


together,  especially  opposite  the  hinder  border  of  the 
frontal  lobe,  which  is  hero  very  defective.  The  fissure, 
indeed,  is  so  patent,  that  without  any  separation  of  its 
margins,  a  portion  of  the  iyland  of  Reil  or  central  lube  (C), 
though  small,  is  distinctly  visible.  This  condition  recalls 
to  mind  the  ftetal  stute  of  the  human  cerebrum  (fig.  128), 

♦  Tbefl€  are  marlca  of  low  development.  In  more  highly  developed 
brains  the  Sylviau  fissure  in  Bhort«r  as  well  as  more  horizontal  ia 
direction. 
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but,  BO  far  as  I  am  aware,  is  not  present  in  any  adult 
quiKlruiiuiiious  braiu.  The  defect  iu  the  frontal  lol 
explains  the  remarkable  constricted  form  of  the  Bush- 
womau*8  brain,  already  mentioned  as  existing  at  tliat 
point,  a  form  which  we  may  perhaps  assume  is  a  charac- 
teristic of  the  Bosjes  brain,  as  it  is  equally  present  in  tha- 
brain  of  the  so-called  Hottentot  Venus,  where  it  has  also 
been  noticed  bv  Gratiolet  as  a.fcetal  character.*' 


Fio.  1JT7.— Right  CcreVnl  neiiitHjihcTK  <if  n  .^cotcbnian,  outor  upect.    (Turoer.^ 
Ft,  Fr.  Froutitl  lobo :  /*iii.  iiarletJil  lohe ;  w,  occii-Ital  lobe;  TS,  tvntrviiM>pUti 
otdnl  or  t«inix>nil  lobe;  5,  8,  SylvLui  tfimn\*8,'8,  mtcchdiug  limb  of  Sylvian  6«Mtr*J 
(«r   'SuIctiB  prvcentmlU'  of  Kclcer);  ff.  H,  Atuttire  of  RoUudo;  /P.  tiitni-r«rlcl 
and  A  P.  jTAmllcl  flssitrM.     1.  I,  1.  lufetlur,  2.  3.  2.  middle,  »od  S,  S,  3.  vu\ 
fri>utnl  cutivuliiti(>TiK  ;  4,  4,  A»cuo<ilnir  fmnta),  otid  r>,  :>.  lucctidlnir  r>*rict«l  oobvnh*^ 
tltius;  a',  outer  imrt  of  po4tcru-]>nrli:tA]  lubnle ;  il,  rt.  nn^mlAr  gjnta;  7.  7,  suprttar» 
8,  8,  8.  iniddlt",  and  9,  y,  0,  iiiforior  ienipmil  c'->nTolutIoii«;  10,  tiijKiiur,  11. 
Mid  VI,  tiiftrior  t>rci|iit^  cituvuhttti^u:  A.  *\\\^%-n*KT^mii  lobule;   «.A7i'« 
Hx-uud.  third,  Olid  fourlli  uinectotit  pr  ti-iiltpiHt  ccnvvlutUuir 

Thii  fisniire  of  Bohndo  (fig.  136,  rf,  d)  commences  about 
1  {-  inches  behind  the  tip  of  the  temporal  lobe.  *'  It  ter- 
minates considerably  beyond  the  middle  of  the  long  axis 
of  the  cerc»briim,  nearly  as  far  back  as  the  line  of  preatei 
width  of  that  organ  ;  so  that  it  passes  proportionally 
further  back  than  iu  tJie  Hottentot  Venus,  or  indeed  thau 
in  the  Euroi>oau." 
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"  The  external  perpcttdicular ^fissttrfs  (fig.  135,  P)  can  be 
traced  as  easily  as  iiT  the  Hottentot  Venus  (fig.  13-t,  T"),  but 
are  soon  interrupted  by  the  external  connecting  couvolu- 
tiona  (n,  ft).  Towards  the  sides  these  fissures  arc  cer- 
tainly more  easily  followed  than  in  tlio  European — a  cir- 


Fiu.  IM.-  VcrtflX  View  of  Uie  nrain  of  a  Scolchnmn.  (After  Turner.) 
fV,  FiviiUl  lolw;  J'ar.  piu-ifltM  lobe;  Or,  occipital  Mm;  S  F,  VApero-tmntiil, 
I  /■',  InfuiofrDnlol  flMurD ;  it,  fiEmiro  of  Rolando  :  /  />,  intro-pArictftl,  and  f  0,  parictv- 
uccijjItAl  fluAiinD;  8,  burizoutitl.  and  S",  uscuudlng  limb  of  tbo  SylvUn  firuiurn 
A.  «upni-tiiarBluiLl  lobule.  1, 1,  Inferior,  S.  C,  mtddlo,  nod  3,  3,  3,  Rii|>orior  frcmtiU 
cuUTulutitm* ;  4.  4,  anLViidtiig  fnfiittU,  lutd  2,  Ci,  SMreiitHiiK  parietal  ctrnTolutinn; 
i',  irtiter,  lUid  5 ',  Inner  purt  of  postcro-iNtrioiiJ  Iob«k ;  fi.  6,  ofitpjlur  LymvuliiliLin  ; 
10,  iniiorii«  occliilltti  cunvulntlun.    a,  a,  first,  and  fit  accuod  nuutctcnt  eonvolulJCftL 


cumstancc  wiiicli  imparts  a  lower  character  to  this  part  of 
the  Bosjes  brain  ;  at  the  same  time  they  are  far  more 
interrupted  than  in  the  CliimpanKee  or  Orang-outun. 
These  short  external  perpendicular  fissures  join  as  usual 
the  summits  of  the  internal  perpendicular  fissures,  and, 
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together  with  the  fissiu'es  of  Rolando,  divide  the  npper 
suiface  of  the  Cerebriun  into  three  repons." 

Of  these  three  regions,  when  measured  long^tudinallj 
over  the  vertex,  the  parietal  is  found  to  he  specially 
defective  in  the  Bushwonian's  brain,  since  instead  of 
being  equal  to  or  rather  longer  than  tlie  occipital,  as  is 
commonly  the  case  in  Eoropean  brains,  it  is  Tory  dis- 
tinctly shorter  than  this  latter  region. 

The  puraUclJismrc  (130,/,/)  on  the  outer  surface  of  the 


Fio.  13P.- Inner  Faos  aotl  TeDtvriiU  SurfMco  of  ttio  Left  Csrebrai  II«mi 

(AfltrTiirnrr.) 

Jfr,  ^VlIltAl  \nhe;   Pmr,   parietal   Inbe ;    O,  ocHpttn]   Inhe;    T  S.  ttnnjvral  lofat; 
/'  O,  Inloin  U,  prriwndlculiir,  or  [•urioto-ncelpitol  AM<ire ;  i,  i.  i.  OAlltMO-uuvgiual,  and 
I,  I,  cairarfiie  flwnre ;    in,   m,  duotato   flraurv ;    n,  n,  ooUjit^ml  flnnirv.     IT.  17,  17. 
mnrginiO  i-r<itv(i1iitioii ;  18,  IK,  o<>iivalutl<m  nf  cnrixis  cAUfHnim  ;    IM'.  qatdrlUknl , 
lotiulo;  ID.    W*.  iitiatnnto  otivtiliillmi,  cif  whii'li  1/   Ui   th«    'iTutchet.*  or  t^eanr^d 

Iictrt ;  2).  cuneiw,  or  ocoipltol  lubale ;  tf.  9.  inner  l«ce  of  Inferior  teoiponl  aon* 

vultttlnn 


temporal  loLe  is  "  more  tortuous  on  the  left  side  than  \\i 
the  Hottentot  Yenas,  though  less  so  than  in  ordinary 
European  brains.'* 

**  The  internal  perpendicular  fisnnre  (fig.  139,  PO)  x% 
more  vertical  than  in  the  European,  but  much  less  so  than 
in  the  Chimpanzee — the  angle  formed  liy  tliis  fisanre  and  a 
huso-Hne  drawn  through  the  corpus  callosum  being  in  the 
European  123^  in  the  Uushwomau  115',  and  in  the  Chim- 


Cup.  XXI  ] 


OF    Tin:    HUMAN    BRAIN. 


385 


panzee  93°,  As  iu  the  Europonu  brain,  however,  tliia 
liasiire  joiuB  the  tissure  af  the  hippocampi  below  (fig.  139), 
whilst  iu  the  Quiulru- 
mana  it  usually  stops 
shirt  of  that  tissure." 
We  cannot  follow 
Prof.  Marshftll  in  his 
interesting  and  d* - 
tailed  examination  of 
the  various  convolu- 
tions of  the  Hufih- 
womau*s  brain,  iuclud- 
inff  his  estimation  nf 
the  de^'ee  of  their  de- 
velopment in  rcliitiou 
to  those  of  the  Hot- 
tentot Venus  and  those 
of  the  ordinary  Euro- 
pean brain ;  wo  can 
only  reproduce  some 
of  his  most  interesting 
general  conclussions, 

All  the  primary  convo- 
lutiuna  which  tihouM  exist 
in  the  human  rereliriim 
"are  pa^acut  in  the  Bush- 
wuniun'H  hrniti ;  but,  lu* 
compared  witli  the  same 
parts  in  the  ordinary 
Knnipean  Virain,  they  are 
Rinatler,  and  in  aU  casea 

*>  mnch  less  complicated  as  to  be  far  more  easily  recognized  and 
diatingniahed  amongst  each  other.  Thia  comj^arative  simplicity 
of  the  Bushwoman's  brain  is,  of  com*se,  an  indication  of  strncturaJ 
inferiority,  and  indeed  renders  it  a  uaefnl  aid  in  the  stndy  of 
the  more  complex  European   form.     On  contraating  the  several 


Fio.  HO.— View  of  Iho  OrMt  J  U>1rtilaAnd  of 
tbe  Ifland  of  HaU.     lAftc-r  TunK-r.) 

U*«t  uf  tbo  tornpur^  lulw  )iw  becu  remorud 
for  ilio  pttn*'>«o  of  lit^pUyiiig  tbe  InUutd.  0,  01- 
fnctory  sulciut;  T  H,  tririKliatti  dviIviis  ;  1",  jmm- 
torlor,  1",  Inttimo],  ftiitl  1"".  oxtermU  wmTolu- 
tiona  of  tiM  orbttiU  lolntle ;  C.  UUrxl  ot  Rcil.  with 
Itt  ntdtatinii  touvolntiuuf ;  1,  1,  un>]or  Biirfaca  of 
lower  or  third  (roiital  convnlution  ;  4,  tmdor 
Kurfaco  of  lower  tnd  of  aicendliiK  frwiilal  cwn- 
volutioD  :  &,  under  lurfuots  of  lower  ctul  of  parte- 
tiU  conrolution  ;  17,  mu-giiul  ciniTuIullmi. 
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rvgirins  of  the  Cerebrum,  tbe  primury  convolations  of  the  uppCT 
frontal  nnd  outer  purietul  regions  are,  on  the  whole,  th^  best  de- 
YeloiMjd ;  those  of  the  middle  and  lower  frontal  regions,  the  tem|)oraI 
rcijiun.  the  central  lubes,  and  tbe  inner  eurfacc  the  next;  whilat 
thofte  of  tbe  orbital  anrfoce  and  occipital  lobe  are  the  least  d^ 
vcloped." 

**  Of  the  Conneoting  Convohitions,  those  highly  important  ftod 
Bignificant  folds,  the  estemal  connecting  ooDvolutious  are,  in  com- 
parison with  ihone  of  tbe  European  brain,  still  more  remarkably 
defective  than  the  primary  conTolntiona.  All  four  of  these  ivkn- 
rolntions  are  present;  but  all  are  characteristically  short,  narrow, 
and  Bimplo,in!itead  of  being  complex  and  occnpying  a  large  space; 
hence,  though  the  eiternal  perpendicular  fissure  is  soon  tilled  up^ 
thoporietal  and  occipital  lobes  ure  more  (taatly  distinguishable  from 

one  another    than  in  the  Kuroj>eiLa  bniin The  aanieroQi 

snlci  and  convolutions,  which  so  complicate  the  longer  ones  in  the 
Kuropean  bruins,  are  everywhere  decidedly  less  developed  in  the 
Ilufihwoinao — but  especially  so  in  the  occipital  and  orbital  regions 
on  the  bent  convolution,  and  on  the  external  connecting  couvoIQ' 
tions.    This  is  a  further  sign  of  structural  inferiority." 

Compared  with  that  of  th«  Hotteutot  VenuB,  the  Bash- 
woman's  brain  is,  *'in  nearly  all  cases  where  comparison 
is  possible,  a  littlo,  thou^^^h  a  very  little,  more  atlvunccfl 
and  complex  in  its  convolutional  development — the  one 
exception  being  in  regard  to  the  size  of  the  occipital  and 
external  connecting  convohitions,  which  are  smaller  in  the 
Bushwomau/'  But  the  resembknce  between  the  con- 
vohitiona  of  the  two  brains  is  very  close,  whilst  the  sim- 
plicity of  Ihrir  arra!i{^em<Mit  is  not  to  be  paralleled  or  even 
upproncbed  in  normal  European  brains. 


It  remains  now  io  point  ont  rather  more  fully  the 
nature  of  the  principal  difTerences  presented  by  the  braiua 
of  Europeans  when  contrasted  with  those  of  the  lower 
human  types  to  which  we  have  hitherto  been  referring. 
This,  however,  is  a  somewhat  difficult  task,  hecause  wide 
individual  dilTorencos,  relatiug  to  uiauy  details  of  structaie, 
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nro  to  be  encountered  in  tbi.sorgau  in  different  EurupeanR. 
In  some  of  thena  a  Lraiu  is  to  be  met  with  which  appi-oxi- 
mates  closely  as  regards  size,  relative  deYeIoj)rnt'Ht  of 
lobes,  and  complicacy  of  couvolntious,  to  the  low  standard 


Fio.  141.— BnUn  of  Giinri,  the  CclobniU'M  :kLitliciii.itU-l.in  ind  AitToncmcr.  upper 
lurpw-t.     (t<b«qiey,  nft^r  R.  Wii^iirr  ) 

I,  I,  LongiUuMnuX  djuiuro;  a,  n',  a",  tipper,  mlrldlo  Btid  Inwor  frontal  conTolntionii ; 
A,  A,  awmling  frontal  ooDToIiilimi ;  r,  )-,  fiMure  uf  Kolandu;  Q,  I),  aacendhig 
l>ari«tal  coDTultitlnnn ;  b,  h,  piirietul  lobulo :  6 ',  iiii|>m-miirKliial  lobulo ;  e,  c,  tint 
IT  upper  IcmpHnLl  convolution;  />,  perpend  k-ular  (ur  iXirleto-occiplUl)  liMurc ; 
•/,  it',  a",  upper,  ml'ldle,  «nd  lower  occtpttal  eon ri?lut tons. 

ufibrded  by  the  brain  of  the  Bushwomnn.  In  others,  the 
majority  of  characters  are  decidedly  highcrj  though  in 
certain  parts  or  situations  tliero  may  be  presented  now  one, 
now  another,  feature  of  a  lower  type.     All  sorts  of  grades 
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and  transitions  are,  in  fact,  frequently  encountered,  bo 
that  tbo  rcmarka  made  in  reference  to  this  part  of  oar  sub- 
ject must  be  suggestive  auJ  geueial  rather  than  precisd 
and  particular. 

Looked  at  from  above,  the  shape  or  outline  of  the 
Enropenn  bruin  varies  considerably.  The  narrowed  and, 
as  it  were,  compressed  anterior  lobes  in  the  Bushwoman,  u 
well  an  the  narrow  tapering  shape  of  the  occipital  lol>e6, 
are  emineutly  fo?tal  characteristics.  As  a  rule,  this 
contracted  conditicm  of  the  anterior  lobes  is  absent  in 
the  European  brain,  and  in  some  specimens  the  shape  is 
80  broadly  ovul  as  even  to  approach  the  circular  outline,  as 
in  that  of  the  Scotchman  represented  by  Turner  (fig.  138). 

Tlie  bruin  of  a  ''celebrated  natnrallat"  6(piTed  by  Budolpb 
Wugnor*  has  mncli  the  same  almost  circular  oatliDe  when  atM'n 
from  above,  and  botli  in  it  autl  ia  the  briiiu  of  the  Scolcbman 
alrt^ady  refencd  to,  the  po3terior  extremity  conatitntca  the  broad 
end  of  the  oval.  On  the  other  band  the  bniin  of  the  great  matbe- 
mutician  and  a<)tmnomer  (lauss  (Bg.  141)  haa,  ^hen  tean  from 
above,  a  distinctly  elliptical  oalline— the  curve  of  the  anteriur  beinie 
almost  exactly  equal  to  that  of  the  posterior  lobefi.  and  the  grroleat 
IranBVcree  diameter  being  equidistant  from  both  estrcmiticfi.  A 
similar  opper  ontlinc  is  to  be  seea  in  the  much  less  elaborately 
convoluted  brain  of  the  artizun  KrebsJ  although  the  side  view  of 
this  same  brain,  when  compared  with  that  of  Gauss  (loo.  cit..  tab. 
vi.).  shows  it  to  be  very  deficient  in  depth,  both  in  the  rronial  and  in 
the  parietid  regions.  The  upper  outline  of  the  brain  of  the  philo- 
logist Hemmnn,  likewise  depicted  by  Wagner,  ia  also  nearly  ellip- 
tical, the  iwBleriur  being  very  slightly  narrower  than  the  anterior 
extremity.  Its  widest  tr»nsver8e  diameter,  moreover,  is  situnted 
midway  between  its  two  extremities,  though  this  region  corresponda 
with  the  snpra-mnrginal  lobule  rather  thiin  with  the  lower  end  of 
the  ascending  parietal  convolution,  as  in  the  brain  of  Gauss  and  in 
that  of  the  artizan  Krebs.  A  reference  to  fig.  13o  will  show  that 
the  brain  of  the  Bushwoman  is  also  wident  in  the  situntion  of 
the  very  prominent  *  snpra-marginal  lobules,*   though    these  ar« 

•  "  Vvrstudion/'  tub.  ij.        f  Wagner,  loc.  cit.  tab.  ij.  fig.  4 
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foand  to  be  dtsUiicily  poslcriui*  to  the  median  axiii.  -  Ttie  brain  of 
the  eminent  matliematician  Dirirhlet  is  longer  antl  l>roAd<-r  than 
either  of  the  others  ligured  by  Wiijfnor.  IIji  posterior  c'jctreniity 
is  narrower  than  the  anterior,  and  even  noUibly  pointed.  Its 
grenteat  breadth  may  be  seen  to  bo  outy  ttligbtly  posterior  to  it« 
uiedian  axis,  and  to  correspond  with  tlie  hinder  part  of  tlie  ascend- 
ing parietal  coarolution. 

Notable  variations  are  therefore  to  be  met  with  in  the 
shape  of  the  ]iraiii  as  8cc<d  from  above,  as  might  havo 
been  expected  from  a  consideration  of  the  diverse  shapes 
of  the  human  Skull  iu  difl'ereut  races  and  individaals.  We 


fr 


Flo.  143,  -Bmin  of  Oaiiin,  Uw  C«'«tnitetl  M  ttbentKtletan  and  Aatronumor,  »lde 
TitTW.    (Vojfi,  ufU'v  K.  Wii|;it(<r) 

/",  FruiitAl  IoImj  ;  /'.  (Ku-lvtol  lobe:  0.  orcipital  l-t«  :  7".  t«nii«rTJil  I«h«;  c.  cei*- 
bvUitiD  ;  Po.  jiTMui  Vorulil  ;  T  M,  inedulbi  (•blungiiU  ;  8,  SylvUn  fiuiurv  ;  A,  finuiv  of 
llolaiMlo:  y>.v,  ponilUil  Ajwuro.  »■.  Upper  fold  of  frunttkl  coiivoluttuiui ;  a>,  middle 
fold  of  froiitAl  ooriTulutioiui :  a'.  Inwur  fuld  of  frunUl  cuUToluUoiui.  >f,  Aaceudtiifit 
fnmtal  (or  anterior  «jiitriil)  convolution  ;  B,  tuK-endlnK  piuioUd  ("r  posterior  contml) 

itiilutjfm;  6',  fr*.   W,  upper,   mlddlo,   wid  I»iwor  UA-ln  of   itiurlotHi  CoiiTohitlonii ; 

''.  ^,  "in*'',  ro'i'dlo.  «nd  Iow«r  folds  of  t«rnfxjral  cuuv^jutioiw;  <(',  (/»,  iH,  upper, 
midiilu,  aud  l.yirur  foldi*  uf  t-cctpilAl  L-vnvul'itloun. 


have  extreme  *  Ioiit(-heads,'  and  extreme  *  round  lieadR,' 
interspersed  with  multitudes  of  individuals  whose  cranial 
diameters  are  more  nearly  equal.     On  the  whole,  it  is, 
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porhapB,  moat  frequently  found  that  the  greatest  breadth 
of  tbo  brniii  is  behind  its  median  transverse  axis,  and  thai 
its  posterior  is  moro  bluntly  roundud  than  its  autcric 
extremity. 

Looked  at  from  the  side,  tbo  Brain  presents  certain 
obvious  diBereuces  when  we  compare  snch  simple  forma 
fts  that  of  the  *  Hottentot  Yenna '  and  the  Bushwomon,  or 
even  that  of  Krcbs  tho  artizan,  with  one  of  the  bigblf  j 
evolved  orf^'aus  pertaining  to  a  man  of  great  and  subtli 
intellect,  such  as  Gauss. 

One  of  the  moat  notable  cbaractenstics  of  tlie  Brnia] 
of  Gauss  is  to  be  found  in  the  great  devtdopment  of  the 
Frontal  Lobes.  This  is  rendered  evident  by  the  fact  of 
their  comparntive  lonj^th,  breadth  and  height,  and  also  by 
reason  of  the  extreme  complicacy  of  their  three  tiers  of  ^ 
convolutions  (fig.  HI,  a\  a*,  a').  Wagner  gives  a  full-sizi 
representatiou  of  these  lobes,  viewed  from  the  front,  and 
also,  for  comparison,  a  similar  view  of  the  frontal  lobes  of 
the  artizan  Krcbs.  Tho  difforence  between  them  is  very 
miirkcd. 

The  writer  has  in  his  possession  the  brain  of  another, 
celebrated  mathematician,  the  late  Professor  De  Morgan, 
and  ftlthongli  in  it  the  frontal  lobes  are  likewise  large  and 
well  develo]icd,  their  convolutions  are  by  no  means  so  intri^ 
cate  as  in  that  of  Gaass.  But  in  the  brain  of  a  Journal 
(formerly  a  Clergyman)  who  died  some  years  ago  in 
University  College  Hospital,  the  size  of  the  frontal  lobea, 
is  distinctly  greater,  and  tbo  intricacy  of  their  convolutioui 
altogether  remarkable — fully  equalling,  even  if  it  d( 
not  exceed,  that  met  with  in  the  brain  of  Gauss.  In  otbi 
regions  also  this  brain,  of  an  educated  though  not  distia* 
gutshod  man,  is  rather  more  highly  convolutetl  than  thi 
of  Bo  Morgan,  as  it  is  also  distinctly  heavier.  It 
preserved,  indeed,  both  because  it  was  the  brain  of  a  v( 
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educated  person  aud  because  it  presented  a  well-marked 
complicacy  of  its  convolutious,  Avith  tbe  view  oi'  KuhMti- 
qiiently  comparing  it  with  that  of  the  I'cccutly-deceased 
Mathematiciuu. 

In  both  these  brains,  as  well  as  in  that  of  Gauss,  the 
fissnres  of  Bohiudo  arc  very  sinuous,  owing  to  the  exist- 
ence of  many  secondary  folding's  of  the  ascending  frontal 
and  parict4il  couvohttious.*     The  relative  position  0*"  tbcM 


Fic.  143.— Fn>nt  view  of  Pmntiil  LuIhsb  of  llio  Urnln  of  a  JuiiitinUBt.  nhiiwinff  tUo 
extriiiuo  e»>niplleni'y  of  it»t  CunTi»IiitI'»Dt.  t>wiiig  to  RlfKht  oMiquiiy  of  (miiiiion, 
(he  rijfht  KrtintAl  UAic  U  moru  fully  ithoiru  Uiiut  tbe  Uitt,  (Aeeiinitaly  dmwii  bv 
V.  Bor>l«y,  from  a  pbutognii«b  ) 

fissures  was,  however,  very  different  in  the  two  brains, 

and  in  that  of  the  Journalist  the  distance  of  the  lower 
end  of  the  fissure  of  Rolando  from  the  tip  of  the  temporal 
lobe  was  altogether  remarkable. 

As  a  consequence  apparnitly  of  a  blindness  of  the 
tight  eye.  dating  from  a  few  days  after  birth,  the  left 
Cerebral   IIcmiKphcrc  of  De   Morgan's   brain  was  notably 


No  bri<lge-Uke  ponvolution  wa»  to  be  seen  crossing  tbe  fismr© 
of  Roliindo  in  eitlter  brain.  On  thp  right  nide,  but  not  on  the  left, 
and  this  only  in  the  bruin  of  De  Morgan,  the  fissure  of  Rolando 
opened  into  Ibe  fissnre  of  Sylvius. 
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smaller  than  the  right,  though  the  meAsarctnents  of  the 
organ,  now  thatithna  hecome  flattened  from  its  own  weight, 
and  is  slightly  shrunk  in  consequence  of  its  preservation 
in  spirits,  do  not  sliow  this  so  clearly  as  when  it  was  in 
the  fresh  condition.*  Still  even  now  the  left  hemisphere 
is  distinctly  smaller  than  the  right,  hoth  in  length  and 
in  breadth.  The  occipital  lobes  are  as  nearly  equal  iu 
length  as  they  can  be,  but  the  left  internal  perpendicular 
fissure  (owing  to  the  smaller  size  of  the  frontal  and 
parietal  lobes)  now  lies  exactly  j  in.  iu  front  of  tliat  of  the 
right  hemisphere.  The  left  occipital  lobe  is,  moreover, 
distinctly  narrower  and  less  rounded  externally  than  that 
of  the  right  side.  The  temporal  lobes  are  of  eqonl 
length,  but  in  regard  to  relative  breadth  they  have  been 
too  much  altered  by  pressure  to  enable  any  opinion  to  be 

*  This  broin  was  removed  on  the  third  day  afU-r  death,  and  wM 
n<it  iu  a  good  condition  for  preservation.  The  mpasar^aients  over 
the  Tciit.'ic,  thou  taken  with  great  care  by  means  of  a  narrow  tape, 
■were  lis  follows  : — 

Anterior  Mtpemity  of  Upper  «n<l  of  Fl*#ure  of  Upper  end  of  Fcrj«iidl- 
Frutit/iJ  Lobo  to  iippi.'r  end  Itohutdu  to  ujiitor  end  vl  ciUmt  Flatitre  tu  ['uet^iijf 
of  KlMura  of  Holando.  Pcrpcndlcuiiu-  Fiiuttrti.         «zttx:inUjr  of  Oocipital  Lobih 


lllCliC*. 

]ACb<«. 

iB^Mfc 

L. 

41 

21 

2t 

K. 

H  • 

H 

21 

Besides   the  Bi>ccial  arrest  of  development  met  with  iu  the  left 

hemisphere,  the  brain  generally  was  distinctly  shrunken,  partly  from 
the  eti'ect  of  iige,  and  partly  trom  disease  wh^h  hud  prciduced  great 
and  gencriilrmucitttiou  during  the  lust  twelve  months  of  life.     ProCj 
De  Morgan  wiia  well  known  t*>  have  had  an  exceptionally  lui^headf 
Hoihuthad  it  not  been  for  age  and  the  wasting  ubove-mentiooed  his 
hniin  would  probnbly  huvc  weiglied  much  more  than  it  did.  rix^ 
Slijox,    The  writer  found  the  measnreuients  of  Prof*.  Do  Morgan*i 
bead   (almost  free  from  hair)  to  be  as  follows  : — Circnmferenci 
'241  in. ;  lo:)gitadinul  niettsaremeat  over  verlex  (root  of  nose  tu  occi' 
pital  protuberance),  15J  in.;  tmneverse  measareroent  ovit  verterl 
(from  externa]  auditory  meatus  to  its  fellow  of  opposite  tide),  15iia*j 
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formed.  The  diiuioution  in  general  ebse  of  the  frontal 
and  parietal  lobes  is  still  very  obvious,  both  in  breadth  as 
well  as  iu  len^h ;  though  it  is  not  a  diminution  localized 
in  any  pnrticular  parts  of  these  lobes.  Nor  is  there  any 
appreciable  dilTereuce  observable  iu  the  convolutional  de- 
velopment of  any  part  of  the  hcmisphoro,  as  compared 
■with  that  of  the  opposite  side.  The  region  of  the  *  supra- 
niurginal  lobule*  and  of  the  *angnlar  gyrus*  seems  cer- 
tainly to  be  just  as  well  developed  on  the  left  as  it  is 
on  the  right  side,  though  these  are  the  convolutions  which, 
according  to  Ferrier,  are  to  be  regarded  as  the  principal 
site  of  the  *  Visual  Centre.' 

Except  for  the  degenerated  condition  and  wasted 
appearance  of  the  rigfit  optic  nerve  and  the  corresponding 
left  'optic  tract,'  there  is  nothing  to  be  discovered  which  can 
possibly  account  for  the  snmllcr  size  and  stunted  develop- 
ment of  the  left  HemiBphere.  The  anterior  of  the  quadri- 
geminal  bodies  on  the  left  side  is  slightly  less  prominent 
than  that  of  the  right  side,  and  it  is  also  slightly  different 
in  colour  ;  but  it  was  not  examined  previous  to  the  immor- 
sion  of  the  Brain  in  spirits  of  wine.  The  Cerebellum  scema 
to  be  quite  aynirnDtneal ;  its  right  and  left  halves  present- 
ing the  same  measurements.  And,  in  regard  to  this 
point,  it  is  important  to  observe  hero  that  Prof.  Do  Mor- 
gan had  never  suflfered  from  any  paralytic  condition  or 
afl'ectiou  of  motility,  so  Ihut  my  lirat  impression  that  there 
ought  to  have  been  an  associated  atrophy  of  the  opposite 
lateral  lobe  of  the  Cereljellum  (us  iu  many  cases  of  atrophy 
of  one  Cerebral  Hemisphere)  -was  seen,  on  further  con- 
sideration, not  to  be  well-grounded.  "We  may  rightfully  look 
for  this  in  instances  of  atrophy  of  one  Cerebral  PIcmisphere 
associated  with  unilateral  motor  Paralysis,  but  not  in  cases 
where  the  latter  condition  is  absent,  and  in  which  one 
if  the  Ilemispheres  seems  to  be  imperfectly   developed 
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merely  from  the  fuct  of  its  Laving  lacked  the  stimuli 
which  on^'lit  to  have  come  to  it  through  nn  all-imporUul 
Bcnse  like  thiit  of  Si^ht,  This  is  a  distinctioji  im|K)rtaut 
to  he  home  iu  mind. 

Some  measuremeuts  have  heeu  made  of  this  very  QO- 
Rymmelrical  Brain  of  the  celebrated  Mathematician  (whose 
mental  powers  were  so  great  notwithstanding  the  inequality 
of  its  Hemispheres),  and  they  have  l;eon  placed  side  b] 
side  with  figures  obtained  from  other  similar  meaanrementB 
of  the  wcll-crolvcd  brain  of  the  educated  but  comparatively 
obscure  Journalist.  The  wci<;ht  of  this  latter  brain  was 
Sfioz.,  so  that  it  would  have  taken  a  high  place  if  it  had 
been  incorporated  with  the  table  on  p.  370.  It  will  be  oh-] 
8en*ed  that  tho  left,  as  is  frequently  the  cnsc  (see  fig,  135)J 
is  slightly  but  distinctly  longer  than  the  right  Hemisphere. 

CUMPAKATIVE    MCASURHlIK.NTS   Uf   Two   BraIXS. 

Anterior     extrflmtt^      of        Vitpcr  Bod  o(  FtMiire  of        Upper  •nd    M    Purpn^. 
FrxnUl  LoV<v  to  upperend  of    R*>taiitln  to  iipiicr  end  uf    df.-itlMr    Fl*mra     U*    j* 
VlAsuni  of  Itolutdii.  Porpundlculur  l-ijiMro.  t4>ri<ir  axtrDiitltvuf  Oowli 

UILaTm. 
I  ucli  ca.  Inchw.  Itirba. 


Ve  Morgan  J  w    5 


Joumalint 
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a  2 

5*.  2J  2J 

21  2* 


Tlpof  Timiponvl  Lftlio        l^wfr    end    ol  Tip  nf  TemiK>Rtt        fnd    of 

111  litwiTcsd  of  F1sciur«     KiHAtiraof  |(<ilADdi>  LolwlooiirlorKU-  t.f  tlyMua  Ui  iif.^  _ 

uf  KoLiuiUo.                          Co   upM*'''    <->rul    uf  •iifv  uf  Sylvliu.  end    nf     lVrf^wll*1 

FlMuieiif  SyUiua.  ciil«r  FbMniv. 


JonrnolUt 


lucben.  IlirbcA.  lurbaiL  Incha«<<'j 

CL.  2  15                   3i                       3i 

(K.2ft  IJ                   31  3  J 
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Another  iiotalilo  diU'crence  often  met  with  in  Europcnii] 
brains  of  hi>jlicr  tjiie,  serviiif,'  to  separate  them  from  snch; 
organs  as  that  of  the  llotteutot  Venus    (tig.    133),  lu 
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in  the  shortness  of  the  S^lviau  Fissure.  It  may 
scarcely  reach  half  way  back  to  the  upper  end  of  the 
*  perpendicular  fissure/  and  may  be  separated  therefrom 
by  several  convolutions  instead  of  only  by  the  descending 
limb  of  the  *  angular  gyrus,*  as  is  the  case  in  the  Chira- 
panzoe ;  or  by  this  convolution  together  with  the  upper 
'  bridging  convolution/  as  in  the  two  South  African 
women. 


The  Sylvian  Fiasure  in  most  elongated  la  some  of  the  Quadra- 
mana  sucli  as  the  Howler  (p.  2'M),  and  also  in  the  brnina  of  the 
Saimiri  depicted  by  firatioK^t,*  in  each  of  which  it  extends  baoV 
almoat  to  the  '  great  lungitntJiiml  Hssure.'  It  is  only  slightly  lens 
elongated  in  the  i^quirrel  Monkcj,  the  Macaque  and  other  allied 
forms  (fig^.  105,106);  and  h  eimilurly  long  even  ia  the  Chimpan- 
zeet  It  baa  been  already  poiated  oat  (p.  345)  that  the  length  of 
the  Temporal  Lobe,  and  the  extent  of  the  posterior  prolongation 
of  the  fissure  of  Sj-lvius,  are  also  notable  characteristic*  of  the 
hamau  f(L>tal  bruin.  Thia  feature  is  well  shown  in  Gratiolet's  figure 
of  the  brain  of  a  ffotua  of  about  6J  monthsj 

This  Simian  and  fri^tal  characteristic  of  the  organ  reveals  itself 
al^o  even  in  the  adnlt  condition  of  some  of  the  lower  ty)>e8  of  tho 
Human  Brain.  It  is  seen,  for  instunct*.  in  the  Hottentot  Venns  (fig. 
133)  and  to  a  less  extent  in  the  Bushwonian  (Hg.  136);  also  in  the 
bruin  of  the  criminal  Fiescbi  (of  'infernal  machine*  notoriety) 
as  depicted  by  Gratiolet,§  and  in  that  of  the  artizao  Krebs  aa  repre- 
sented by  Wagner.JI  In  Leuret  and  Gratiolet's  figure  of  the  brain  of 
a  *  Charriias  *  (PI.  xix.  fig.  1),  however,  thongh  it  presents  in  other 
respects  many  infantile  characters,  we  find  the  fixsure  of  Sylvius 
very  short,  jnst  as  it  exists  in  some  of  the  best  developed  hnman 
brutns,  e.g.  th:Lt  of  Gauss,  and  still  more  notably  in  that  of  Ua 
Morgan,  as  well  as  in  the  Journalist  above  referred  to.  In  both  of 
these  latter  brains  more  than  one-half  of  the  Sylvian  Fis.'^ure,  aa 
it  exists  in  some  of  the  Qiiadrnmana,  has  be.'n  obliteruted — since 

*  "  Annt.  Comp.  dn  Syst.  Nerv.,"  PL  xxix.  figs.  11  and  12. 

t  Gratiolet,  loc.  cit.  PL  xxiv.  fig.  0, 

J  Idem.  PL  xxx.  fig.  2. 

§  PL  xiij,  fig.  2, 

II  "  Vorstndien,"  tab.  vi,  fig.  2. 
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the  measurements  of  tbe«e  braiua  from  the  upper  end  of 
*  perpendicular  Fisanre  *  a<^ross  the  parietal  lobe  to  the  pofttei 
extremity  of  the  Sylviau  Fissure,  are  just  equal  to  Ibe  meiuni 
mcntA  from  the  tatter  point  even  aa  far  Bfltlietipof  the  oorreflpoB< 
ing  Temporal  Lobe. 

Thia  prof^essive  shnrteninp  of  tlie  Sylvian  FiBstire  appears  m 
to  have  beeu  distinctlj  pointed  out  before.     Yet  it  ^Tould  seem 
to  be  a  chungo  of  precisely  the  same  order  as  that  which  leads  to 
thd  progressive  obliteration  of  the  *  external  perpendicular  Fit- 
sure/  to  which  mtich  attention  has  been  given  by  aiiatomt«t«. 


The  al>ove-iDentioued  Bhortuess  of  the  Sylvian  Fissoi 
in   the  nioro  highly   evolved   bmina   tends  to    coufor 
corresponding  Bhortuess  upon  the  Temporal  Ix>be.     Tbd! 
proportional  breadth  of  this  segment  of  the  brain  is  alsO; 
deeidedly  diminished  iu  the   brain  of  Gauss,     The  broii 
simple  convolutions  of  tho  Temporal  Lobe  in  the  Ilutlen*] 
tot  Venus  (fig.  133)  conLrust  notably  with  the  much  more' 
complex    corrBsponding   gyri   in   the  brains  of   the  two 
Mathematicians  aa'\vell  as  in  that  of  the  Journalist.* 

The  Occipital  Lobe  has  a  mucli  greater  depth  in  th 
brains  of  Gauss,  I>o  Morgan  and  of  the  Journalist,  than 
is  to  be  met  with  iu  the  lower  human  ty}>C8  previously 
described.  Consequently  in  them  the  infcnor-poslorior 
border  of  tho  Cerebral  Hemisphere,  as  it  exti^'uds  alon| 
the  side  of  tho  Cerebellum,  is  much  more  nearly  horizon- 
tal than  it  is  in  either  of  the  two  African  women.  In 
these  latter,  however,  an  advance  of  the  same  kind  is  to 
he  met  with  in  comparison  with  what  obtains  in  tho  Cei 
bral  HemiBpheres  of  tho  grout  •  man-like '  Apes  (p.  296). 

*  In  the  bruin  of  the  Q\  mouth  FoBtua,  and  iu  that  of  FieMhl^ 
represented  by  Gratiolet  (loc.  cit.,  PL  xxx.  fig.  2,  and  iM.  xij.  6g.  2] 
the  Tcmj)or.il  Lobes  are  both  long  and  broad*  whilst  in  thnt  of  tl 
new-l>orn  Infant  (I'l.  ijtx.  fig.  3),  and  in  the  brain  of  the 'Cbamia** 
(fM.  xix.  fig.  1),  this  same  Lobe  though  short  is  still  cxtremoti 
broil  d. 


'Chap.  XXI.  1 


OV   TRK    Ili'SfAN    BRAIN. 


897 


lu  tbc  liighcr  forms  of  the  Haranti  Broiu — as  in  Ihoac  of 
Gauss  and  De  Mor^'an,  and  also  in  the  Joarnalist — Ibc 
Temporal  and  Occipital  Lobes  of  each  Hemisphere  together 
bear   a   much  smaller  proportion   to  the  mass   of  broin- 


VMk  144.— UadarHhiii^  of  the  lluniim  Bruin.  i^AIlcn  Tbomson.) 
1,  1,  Great  longitudlusl  fluuro  ;  i,  t',  -j',  cuiivututlons  vl  uudur  •urfiice  of  fnHital 
Ivbo:  3.  t.  3,  prolontpkUon  to  bwo  of  the  fissure  of  Sjhitu;  4,  4',  i",  (lunvolitU^iua 
of  itio  tempoml  tube  ;  S,  V,  occipital  lolw  ;  (1,  aiitei'itjr  i»,vtiiiiiiilN  of  tnedulU  ;  +,  puv- 
lerior  extremity  of  rucdUii  lulw  uf  ccrebolluro  ;  7,  S.  d,  lu,  luljulun  oi  thu  lateral  lube 
of  thccercbellitni.  I-IX.  Cnni.il  uvrves,  nil  but  the  firftt  roiire  fully  fteun  in  next 
Bifiire.    Tint  uLoth  aorvo  of  thn  rtj^bt  bUlo  bui  Wen  remuvcd.     X.  Flrat  oonrlcuU 


^1 


nbstancc  comprisrd  in  the  Frontal  and  Parietal  Lolica 
than  is  the  casu  in  hiiiiiis  of  a  lower  tvpe.  lu  the  lower 
Quadramana,  also,  the  Temporo-Occipital  segment  of  the 
18 
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Hemisphere,  instead  of  being  much  less,  is  about  equal  to, 
or  it  may  be  of  even  Bli;;;btly  greater  Imlk  than,  the  con- 
joined Frouto-Purietal  segment.  Thus  iJie  proportiu] 
met  with  iu  the  lower  humau  types  are,  ob  it  were,  \n\ 

termediato     between    tho! 
which  obtain  in  the  higlii 
human  types    on    tho    oi 
hand  and  in    the    Quadra- 
mana  on  the  other. 

The   diniinuticm   in   sifc 
of     the    Tcmporo- Occipital 
segment    in    tho    brain    of 
human  beings  generally,  is 
perhaps  more  apparent  thai 
real.      The  very   great    ii 
crease   in    the   size  of 
Frontal  and  of  tho  Parietal 
regions  is,  at  least  iu  part^ 
another  means  of  accouutii 
for  the  altered   proportion, 
Fiu.  145    lu'lor  5*.,rfa.v  of  Ccroiaul  It  is  Certain,    ludecd,    that 
p«jm.ci«,  iv..».  wid  Mr,4..ii».  hh««rii.ff  theconvolutionsof  thoTem- 
pey.  after  nrnviifuid.)  poral  Lobes  tend  to  becooia 


1,    iDriiiidibuliiin    (>(    pltnltAiT   body  ; 


».  p»rl  of  floor  of  tl.Ud  rrntrido;  ».  eor-  '^^^^'O      COmplcX  in      higher 

pom  ituunlUiiiiii;    4,  cerebral  |XKjnml»«;  humaU      braluS,  and     it 

6,  puns:  0,  opt  to  iicrvtM.  cp>«Bii>ir  in  tbo               ,                  . 
middle  lino  .Q  IU  to  fnnii  ih«  ci.i.i«ioa ;  cquully   Certain  tliat 

7.  cofnxnuD    ro.>tor    tiorvM    of    oycV«U;    Jg     ^jg^    ^     tcndcncV     to      an 
II,    wrvun    p«t}i<>tlcii« ;     fi.     !  rfgeniioiwi ;  ^  •' 
10.  cxtenmlcK^iUrnom :  II,  facial  norvo;    OCtual    iucrcase    in    the    81X0 

U,  glo^ijiarynffcal  i,er«;  15.  v«gii-  or  ^t  the  Uccipital  I.obeS.  In 
|Mi«iimogwtt1c ;  IB.  »piual  uccvaory ;  tljo  more  highly  GTolved 
1*.  liyp**!'*"!  jtcTto  (cut  mway  on  ono   ,       . 

•ido).  brains  these  Ijobea  become 

deeper  and  also  fuller  and 
more  rounded.  TIilto  is,  moreover,  a  notable  increase  in 
the  complexity  of  tlio  Occipital  Convolutions. 
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Tlio  latter  is  a  point  of  considerable  importance,  and 
not  ahvuys  sufiioicntly  homo  in  mind  by  those  who  have 
dwelt  u]>on  the  large  sizo  of  the  Occipital  Lobes  in 
many  of  the  Quiulrumanii.  If  these  parts  seem  to  bo 
relatively  smalk-r  in  Man,  it  nitist  not  bo  forgotten  that  in 
Monkeys  and  in  Apes  their  surfaces  are  smooth  and  com- 
paratively unconvoluted,  whilst  in  Man,  in  proportion  to 
their  Bizc,tho  area  of  superliciul  gi*ey  matter  on  the  Occipital 

lobea  becomeB  en- 
ormously increased 
by  reason  of  the 
nn  nil)cr  and  depth 
of  their  surface-fold- 


^no 


lOpi 


ere 


ODgS. 

Tlina  we  find  in 

10   Brain  of    Miin 
lot    so    much   now 
parts  or  regions,  as 
an  enormous  deve- 
lopment     of     pre- 

dsting  parts  and 
regions.  Again,  the 
degree  of  such  in- 
creased development 
ie     by     no    means 

rerywherethesame. 
[These  are  both  of  them  fdcts  of  great  significance  from  a 
psychological    point     of    view— and  eHpecially    from    the 

fiut    of  view  of   that    Psychology  which    has  its  roots 
the  general  PhiIoso]ihy  of  Evolution. 
One  of  the  most  nolnl)lc   poculiaritios  of  the  Human 
Cerebrum  ia  that,  in  various  ways,  its  two  Hemisphurusaro 
not  quite  Bymmetrically  developed. 


Ftn.  14r;.-Sact(on  Uiroilfifa  the  left  OodplUl  LoU 
of  a  Utuuaa  Brjin  ;  ahowiug  Uir  autober  auU  dcpUi 
<ft  lU  nirfMO-fulding*. 
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(1.)  Though  the  situntion  of  the  *  priraary '  Fissnres 
IB  subject   to   little  variation  in  the  two  Hcmispheroa,! 
Btill   in  the  more  hi;^l)Iy  coiivolutod   Hrnins  many  of  th< 
separate  Convolutions  aro  apt  to  present  diflferenceB  in  the^ 
number  and  arrangoraont  of  their  raiunr  folds  or  indenta- 
tions.    Hence   slight   difibrences  in   the  appearance   of 
corresponding  Convolutions  on  the  two  sides  of  the  braini 
are  occasionally  to  be  met  with ;    although  in   difTerenlj 
individuals  the   regions  in    which  dissimilarity  is   most' 
marked  are  by  no  means  necessarily  the  same,  nor  is 
llie  groatcat  comj>lexity  always  to  be  found  on  the  same 
lleuiisphore  in  these  difft^rent  regions. 

Much  more  has  yet  to  be  learned  in  regard  to  these 
points,  but  the  broad  conclusion  is  thoroughly  warranted 
that  this  asymmetrical  development  of  tho  convolutions  is 
only  a  little  more  marked  in  the  lower  Human  Races  than' 
it  is  amongst  the  higher  Apes,  and  that  it  becomes  dis- 
tinctly most  marked  in  tho  more  highly  convoluted  brains 
pertaining  to  representatives  of  the  higher  or  moi 
civilized  Human  Races. 

(*i.)  It  has  been  noted  by  various  anatomists  that  thd^ 
left  Hemisphere  is  very  frequently  slightly  longer  than  it 
fellow,  80  that  the  tip  of  tho  left  Occipital  Lobe  is  apt  to] 
project  distinctly  behind  that  of  the  right  side. 

(3.)  The  writer  noticed  al>out  fifteen  years  ago  that  a 
distinct  difference  in  the  slmpe  of  the  tips  of  the  Occipi- 
tal Lobes  frequently  exists* — that  of  the  left  side  being 
generally  tapering  and  rudely  conical,  whilst  the  right  is 
often  rather  flattened  at  the  end  and  has  at  its  inner  bordei 
a  groove-like  depression  about  {ih  of  an  inch  in  diameter' 
(fig.  147).  The  direction  of  tho  groove  from  below  up- 
wards, is  also  inwai*d6  and  forwards. 

•  And  HtiI)BpfiniMitly  called  attention  to  it  in  "  Trans,  of  Putholog^l 
B\HU,"  1*^9.  vol.  XX.  p.  4. 
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In  a  liivgo  proportion  of  brains,  and,  as  it  would  seem, 
'feBpeciully  iu  tUoHe   of  Women,  this  conformation  of  tho 
right  Occipit.il  Lobe  ercists  to  a  well-marked  extent.     In 
(Lbers,  il  is  only  si  i^^htly  marked  ;  whilst  on  rare  oecasioua 
more  or  less  obvious  grcK>ve  exists  on  each  side.     In  a 
j11  siuallor  number  of   cases  a  groove  is   met  with  at 
the  tip  of  the  left  instead  of  tho  right  Oecipital  Lobe,  or 
it  may  be  absent  on  both  sides.* 
^fe    The  Occipital  Convolutions  in  tho    situation    of    tho 
^M^oovo  are  distinctly  dopreyacd^  but  no  projection  from  tho 
^Blnner  snrliico  of  the  skull  or  thiokening  of  the  raombrancs 
^Hbas  ever  been  met  with  which  could  account  for  its  forma- 
tion.    Of  late  the  writer  has  adopted  the  view  that  this 
*  occipital  groove  '  is   duo  to  the  pressure  exerted  by  tho 
^BK)sterior  extremity  of  tho  longituJinal  sinus  and  the  right 
^Bdde  of  the  *torcular  IlerophiU  '  or  meeting-point  of  the 
^Menons  sinuses  (fig.  1  \^).  Why  tlie  pressure  should  bo  moro 

^V    *  In  thirty-five  conBeontive  poat-xnortem  examinations  the  con- 
ditloa  of  tbo  Occipital  Lobes  baa  been  TiotcJ,  partly  by  myself  and 

Iiortly  by  Mr.  J.  T.  Gadaby  or  Mr.  C.  E.   Beevor — my  late  able 
asBistants*   at   University   College  Hospital— with   the  view  of 
«certjiiiiing  tbe  rtlative  frequency   of  these  different  conditions, 
'he  rt'salU  are  embodied  in  the  following  Tables : — 
1 


Table  I. 

Side.                   Sex. 

o 

-I- 
1 

Table  It, 

M.        F. 

Right  .    .    V)    13 
Left.     .     .       11 
Bulli  Sidea       3       1 
Abseut.     .       1       0 

M. 

3   ...      1 
2   .    .    .      8 

1    ...     10 
0    .    .     .       1 

P. 
7 

1 

0 

20    15 


i\rj 


20      15 


lo  TuMo  11.  under  *  Dof^roc,'  the  figure  3  «if,'nifie8  that  the 
groove  was  '  very  well  u)urked  *;  2,  that  it  was  '  moderately  well 
marked  * ;  and  1,  that  it  was  only  '  slightly  marked.* 
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on  the  right  side  than  on  the  left  is  bj  no  means  clear. 
It  mi;Lcht  perhaps  bo  occasioned  by  the  slightlj*  incrrtts*»di 
length  of  the  left  Hemisj)here,  prcHsing  backwards  nj^rainslj 
the  loft  side  of  the  '  torcular,*  and  so  divertiuf^  a  larger- 
current  of  the  blood  Howhig  along  tlio  longitudinal  sinna 
towtirds  the  right.  It  has  been  long  kno^^^^  indeed,  that 
the  groove  in  the  occipital  Ixmo  for  the  right  *1uIctu1  binns' 
is  often  distinctly  broader  than  that  for  the  left  sinus,* — 


Pin  147.— Vkw  of  OrcipiUl  I^olieii  and  vt  ('c»bolliini  from  Whin d,  abmrljif  Iht 
'OcviHtal  OnMirv '  at  the  tip  uf  Uie  rljilit  HuiniKiibaraL  (Fr»ni  m  drswlaf  ^ 
V.  HuTf^lcy.)     1,  Tbo  OtuOTo:  3.  8,    ExtcnMl  Piupoiidtculir  FiMun.     c,  q,  Tte 

Orobulluiii. 


thus  conclusively  showing  that  in  all  such  cases,  at  loa&tj 
the  larger  Idood  current  is  accustomed  to  pass  away  from 
the  cranium  along  this  (side. 

(4.)  'I'he  left  Hemisphere  was  said  by  Dr.  Boyd  to  b« 
geiTonilly  heavier  than  the  right  by  nearly  half  au  ounce. 
This,  however,  has  been  questioned  by  some  iuvcstigatorsj 

*  Sie  fi«.  23  of  Cray's  "  Anotomy  "  (3rd.  Edo.).  where  tbii 
condition  ii  well  represented. 
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and  actually  denied  hy  otLei*8  to  be   a  usual  condition. 

Some  of  the   lutter  even   adirna  tliuL  though  a   differenco 

often  exists,  the  superiority  in  weight  is  most  commonly  in 

favour  of  the  right  rather  than  the  left  IlemiKphtre,    This 

point  cannot,  perhaps,  be  definitely  decided  fi)r  the  present. 

It  is  obvious   that  very  great  care  is  needed   in   making 

the  sections  through  the  , 

*  cerebral       peduncles  * 

and 'corpus  ciiUosuni/ 

preparatory     to      Buch 

comparative   weighings 

of    tho     two    Cerebral 

Hemispheres,  nnd  also 

that      the      woighiiij^H 

themselves  require  to  he 

made  with  the  groateat 

care, 

(5.)  The  writer  many 
years  ago  ascertained 
that  the  spccitic  gra\ity 
of  the  Grey  Matter 
from  the  frontal  parietal 
and  occipital  Convolu- 
tioDS,  respectively,  is 
often  slightly  higher  on 
the  left  than  it  is  on 
tho  right  Hemisphere, 
thongh 

density  docs  not  neces- 
sarily exist  in  each  of  these  regions  in  the  same  indivi- 
dual.* This  unexpeett^d  result  frequently,  though  not 
invariably,  showed  itself,  even  wliero  every  euro  was  taken 
to  got  rid  of  sources  of  fallacy.  Further  observations  arc, 
*  Seo  "  Joariml  of  I^fental  Science,"  Junuory,  18G6,  p.  403. 


Via.  148.— Pontcrit-r  PbMrminnutfc  Vlow  of 
Puni  M-itor  with  Orcat  Vcnotm  NtiinM-n,  (T^W.) 
The  ]Kiatorlor  portion  of  thv  Cmnhitn  niwl  Ihc 
)Hj«tcriur  Ari:b«a  <»f  Ibc  iipiwr  spliijil  Vprtchnii  are 
Buppaacd  ti  bo  nnioved.  >,  T\w  1ot)ffltii<lliiitl 
Klnrw  ;  /,  ttio  'torcniUr  llcrophlll,' wliorv  l«>ugi- 
BUch  8U])Crior  tinUnnl  and  ouctplul  sliiuw*  m-vt,  aud  wheuoo 
the  1.tt«r.il  stniitcji  («,  dlrer^ 
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however,  also  needed  in  regard  to  this  Bubj(<ct,  and  otlid 
convolutions  tlinn  those  aboTo  named  sbould  bo  Bimilarl] 
tested.* 


The  Cerebelliim  and  its  Lobes. 

The  Cerebellum  or  *  little  Brain,'  in  the  erect  posi- 
tion of  the  body,  is  sitniiti'd  behind  and  above  the  '  pons 
and  Medulla  (tig.  132),  and  lies  in  a  posterior  hollow  of  ihi 
Bkull  bonrath  the  Oeripital  Lobes,  from  which  it  is  si.'pa'" 
rated  merely  by  a  membranous  partition.  This  membraDi 
named  the  'tentorium,'  is  an  internal  horizontal  prolon 
tion  from  the  *  dura  mat«r  ; '  the  Occipital  Lobes  lie  on  it 
above,  while  the  upper  surface  of  the  Cerebellum  is  in 
contact  with  it  below. 

The  relative  weight  of  tho  Cerebellum  as  compart-d 
with  the  Cerebrum  has  already  been  referred  to,  and  aliio 
the  fact  of  the  great  and  progressive  development  of  thi 
'lateral  lobo^'  of  this  organ  in  tho  Quadrumaua,  and 
oven  more  markedly  in  Man,  as  compared  with  that  of  thftj 
*  middle  lobe ' — which  in  him  becomes  a  relatively  dimina-fj 
tive  Htructuro, 

No  detailed  reference  to  the  relative  development 
the  several  parts  of  tlie  Cerebellum  will  here  be  mado,(|| 
though  the  names  of  these  parts  may  be  ascertained  by 
the  reader  who  will  carefully  study  figa.  149  and  150,  am 
the  references  thereto.  The  coniparatire  study  of  thi 
parts  of  the  Cerebellum  has  not,  indeed,  received  thai 
amount  of  attention  from  workers  generally  which  has- 
been  bestowed  upon  the  Cerebrum  ;  and  even  if  it  had 

*  An  increased  tinnibcr  of  *  intercollulur  procesieA '  and  fine*  eoni« 
niiAsuml  Bbrea  '  wiiliiu  the  Gr«*y  filiitter  (iimkin^  this  matter  n] 
proximate  more  in  chnractcr  to  the  denBcr  '  white  subutuuce ')  uiigbi 
be  caases  of  lucfa  slightly  increased  »|)«citic  gravity. 
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been  otherwise,  tho  altogether  suhonlinatc  importance 
of  this  organ  in  regard  to  Miiul  woM  quite  justify  us  in 
dealing  much  more  briefly  with  its  external  anatomy.* 

The  whole  external  surface  of  the  Cerebellum  is  scored 
by  a  very  large  number  of  '  fissures/  some  of  which   arc 


Pio.  HO.— Uppnr  &urf.ice  of  Mm  CercltclIuTn.  (Sapfoj-,  after  IliiscbfeM.)  1. 1. 
SUporlor '  vermUorm  prucew'  (uii<Mk  M>c)  wbuM  ant>.Ti<>rux.tn][i)ity  lfii>  \>wn  pitabtd 
laukWATtU  In  order  to  «how  ttio  Curponi  t^AdrJi^mlua ;  *i,  pofttotlor  oxtreoiltyuf 
Um  *u|Mni<jr  and  lufariur  *  Tonulfurru  pruco«M»,'  uitd  ct  Um  umkUui  flHUn  at  tho 
Cerebelluni ;  s,  k'rtMit  ctrciuiiferantiol  fisnire ;  4,  gmtt  (i«urtt  uf  tlw  upp«r  rariftoe 
whU'h  divfikit  It  inUt  two  princilnU  M^meiibi;  &,  poat^irior  of  tbe««  •e^menta  in  the 
tons  of  ■  crv<>co)it ;  0,  0,  0,  C,  A,  utt«rli>r  aefftnciit,  qundrUAUnU,  and  compcwed  of 
fire  Mcondary  curved  Rcfrments  llko  the  preceding— «ach  of  tbeae  ec^ment*  being 
eompoMd  of  cUjscIj  pb^kod  '  Umlni'  of  dtffenut  alMt.  aapumtod  by  fiantres  at 
wylng  doplhs;  T.  '.  i^ectiottA  ol  the  CerobnU  Pedunoias;  8*  'poBterlor  comniiMure' 
of  the  Cetvtirum  ;  9,  Cnrpora  QuadriKomina. 

much  deeper  than  others.  Theno  deeper  fissures  arc 
comparatively  few  in  number,  and  they  constitute  tho 
honndaries  of  the  several  *  lobes  *  and  '  lobules  *  of  this 
organ.  Between  them  are  others  more  or  less  concentri- 
cally arranged,  which   vary   muoh    in   length   and  depth. 

♦  A  very  elaborate  work  oo  the  Cerebelluiu  ("Baa  dea  kleinen 
Gehiros),**  richly  illaatmtod,  has  been  iseucd  by  Stilltog. 
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The  number  of  these  fissures  of  the  second  order  has, 
been  computed  to  be  from  600  to  800.  They  dirido  the' 
surface  of  tb^  Cerebellum  into  a  multitude  of  'laminw.*' 
the  nature  iiriii  nrningement  of  which  will  be  better  ap- 
preciated after  an  examination  of  figs.  156,  162,  106. 


«"i^, 


Fuj,  ISO— ItiffHor  3urra«  of  U.B  tVntlw-num  (Sttppoy,  •ftar  fllrKhUd  |  1,1, 
liiforlor  vBniiiform  pnioo.^ ;  8,  3,  iiiedlan  finun  of  tSe  Mrebultnia ;  \  8,  5,  loba* 
Mul  loliulflu  of  Ihr  rorcltellnr  bcnilsp)it!rr«;  i,  'vnygtinla'  nr  alnioiul-lfko  lotic  1 
6,  luimie  itf  tb«  tMioimtoputiric ;  6.  pr>tui  Vitrolil ;  7,  modiiui  groove  on  tb«  «Mti«|j 
fl,  tnirttlle  pfdtinelu  or  tli«  ccrcboUutn  :  0.  cut  onrfnco  of  mediilU ;  ID,  anl 
DxtrnmKy  of  tliu  irreat  circ^imforentliil  ftiuntra ;  11,  Knt«rinr  bunler  of  tlw 
BMrttux  of  tlic  corcbeUutn  :  12.  motor  root  ot  tbo  tiigomlpfd  nerve:  IS,  •etuovy 
4tf  t'nv  mutui :  14,  nurvc  <if  the  extnmal  i.H'uliir  miuolo ;  15.  n&cial  nvrvc  ;  16,  nvrvanf 
WrInlMnT;  IT,  audtt<iry  Utirvo;  IS.  g'losw-phsrjndviU  norva;  I0,  |tD«(imoipMlfM 
rervn ;  iO,  »i}Uv%\  •covntury  uorve  ;  31,  Ityiioglnsml  nerro. 

Accordiiif,'  to  Miirshiill,  the  CercboHum  of  the  Bush- 
woman  was  more  prominent  at  the  sides,  and  proportion- 
ally wider  and  longer  than  in  the  European,  though  its 
outline  was  not  so  full  and  rounded,  and  its  actual  bulk 
was  less.  As  the  result  of  laborious  comparative  investi- 
gations, be  says,  "  the  number  of  laminm  in  the  Bosh- 
womnn's  Cerebellum  aijrces  very  closely  with  that  in  the 
European,  the  tUflercucea  being  probably  only  sac) 
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might  be  met  with  between  individmils  of  either  race." 
The  relative  number  in  the  several  parts  was,  however, 
found  to  be  different  in  some  of  the  smnllor  lobes,  and  many 
of  the  laminae  were  also  smaller  and  thinner.  The  slight 
deficiency  in  weight  of  the  l-Snshwoman's  Cerebellum, 
**  depends  essentiall}',"  according  to  Marshall,  "  not  on  the 
absence  of  any  parts  or  himinn^j  but  on  the  narrowness  of 
these  latter ;  for  they  are  obviously  much  finer  than  in 
the  Enropean  brain."  Ou  the  whole,  he  considers  that 
"  the  Cerebellum  in  theBushwoman  is  very  well  developed, 
and  that,  as  an  orrran,  it  is  far  more  completely  evolved 
than  the  C/crebrum." 


Significance  of  the  High  Convolutional  Development 

I  of  the  Human  Cerebral  Hemispheres, 

After  the  preceding  description  of  the  external  configu- 
ration of  the  Humiin  Bruin,  aud  now  that  the  differeucea 
cxistiu;^  between  it  and  that  of  the  higher  Apes  have  been 
detailed,  such  questions  as  these  may  naturally  present 
themselves  to  the  minds  of  many  readers  : — What  is  the 
precise  significance  of  this  more  complex  convolutional 
development  of  the  Hurann  Cerebrum  ?  and  what  signi- 
ficance is  to  be  attached  to  tlio  want  of  symmetrical 
development  in  the  correspomling  Convolnrions  of  its  two 
JTemispheres  ? 

It  has  been  previously  pointed  out  that  there  arc  three 

principal  types  of  convolutional  arrangement — (1)  that 

of  the  Hcrbivora,  (3)  that  met  with  among  Carnivora  and 

Cetacea.  and  (3)   tliiit  of  Quadrtnuana    and  Man.     We 

l^^ave  seen  also  that  withiu  each  of  these   grcut  groups, 

^^^e  development  of  the  Convolutions  peculiar  to  particular 

^species  has  hitherto  seemed  to  be  dependent  in  the  main 
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Upon  the  customarj  size  atuined  by  such  animals*- 
thoftc  that  are  small  miiy  have  none,  vhilst  allit'd  aoimala 
of  larger  size  may  Lave  more  or  less  developed  convolu- 
tions.    Yet  it  certainly  cannot  be  said  that  larger  animal*] 
are  necessarily  more  intelligent  than  smaller  animaU. 

As  to  the  reason  of  the  greater  couvolutional  develop- 
ment met  with  in  larger  animals  Carl  Vogt  says  I  : — 

"  Happily,  matliemrttirs  will  usnist  lis  here.     On  coropuring  twaj 
bodieK   of    itiiuilar  fotiu   hut   of    dilTerent   6ize,   their    re»|>e(*tiviy 
volumca  vary  n»  tho  cube  of  their  diameters,  wbilBt  the  proportioa 
of  the  surfaces  i»  oa  the  square  of  the  diamoters.  or,  iu  other  worOs, 
the  volume  of  n  body  incn'jisoa  more  rapiilly  than  the  surface,  and 
thia  more  ruffidly  than  the  diiimeter.     Every  artilU-riHt  knows  well 
that  a  twelve  pounJ^r,  thouj^h  thrice  as  lu'uvy  as  a  fotir-jwunJer, 
doesa  not  nearly  possesB  a  diameter  thrice  as  large  ...  In  applying 
this  principle  to  the  head,  and  e^peciully  the  cranium  of  animali, 
it  will  be  seen  that  in  every  uiitnnd  group  or  order  of  mammals 
the  head,  and  especiully  the  cranial  cupacity,  stands  in  a  certaiaj 
relation  to  the  buily,  which  is  nearly  constant  in  the  various  speciea 
.  .  .  that  the  snrfaco  of  ihe  internal  cranial  capacity  ia  proportion- 
ately smaller  in  the  Inrj^er  animal,  and  that  consequently,  in  order' 
to  secure  a  similar  surface  of  grey  matter,  it  mu&t   he   convoluted' 
in  the  large  animal,  whilst  it  may  remain  smooth  in  the  smsUj 
animul." 

If  we  look  then  from  a  broad,  general  point  of  view  at' 
the  piTihleni  as  to  the  degree  of  importance  to  he  attached, 
to  the  great  convolutional  compledty  of  the  brain  oj 
Man,  it  is  apt  to  appein*,  at  lirst  sight,  that  this  particnlar 
feature  may  be  a  necessary  appanaj^e  or  sequence  of  the 
size  of  Man's  body,  as  compared  with  that  of  Monkeys' 
and  of  Apes.  Man,  in  respect  of  convolutional  develop- 
ment, appears  to  stand  far  away  at  tho  head  of  the 
QuadrumanouB  typei  just  as  tho  Elephant  stands  at  the 
head  of  tho  Herbivorous  typo,  and  jubt  as  the  gvo&i  WbUes 

•  See  p.  270. 

t  "Lcctarea  oo  Man  '*  (Anthrop.  Soc  Tranaln.),  p.  105. 
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occupy  a  similar  position  at  tho  head  of  the  Carnivorous 
t^vpt?.  And  further,  the  biaius  of  the  Elephant  and  of 
Cetacea  show  (Uko  that  of  Mun)  a  very  decided  lack  of 
symmetry  in  regard  to  the  precise  disposition  and  shape 
of  corresponding  Gonvolutiona  in  tho  two  Hemispheres. 
The  inft^rences,  therefore,  seem,  at  first,  not  %\*ithout 
warrant  that  lack  of  symmetry  iu  apt  to  go  as  a  kind  of 
mechanical  accident  with  great  complicacy  of  the  Convolu- 
tions, and  that  this  latter  feature,  if  vre  compare  animals 
of  allied  groups,  is,  in  the  main,  in  relation  with  the  size 
of  thuir  bodied  and  tho  capucitioa  of  their  Crania. 

But  other  important  considerations  have  to  be  kept  iu 
view.  Thus,  as  Vogt  says,  we  must  bear  in  mind  the  fact 
that  the  '  cranial  capacity '  of  Man  is,  in  propoitiou  to  his 
bulk,  enormously  greater  than  that  of  any  of  the  anthropoid 
Apes,  and  yet  notwithstanding  this  very  greatly  increased 
size  of  the  bruin-chanibcr,  the  increased  area  thus  obtained 
for  stiperficial  grey  matter  of  Brain,  does  not  prove  nearly 
sufficient  for  the  needs  of  Mau'is  Intellectual  and  Moral 
Life:  it  has  still  to  be  increased  by  the  occurrence  of 
further  secondary  foldings  iu  the  Cerebral  Convolutions. 

A  striking  illustration  of  those  all-important  considera- 
tions is  to  be  found  in  tho  fact  that  the  convolntional 
development  of  the  Gonllu's  brain  is  much  simpler  than 
that  of  Man's,  although  tho  cranial  capacities  even  of  tho 
lowest  Men  are  so  much  greater  than  that  of  tho  Gorilla, 
and  even  though  in  bulk  of  body  the  great  Ape  often  far 
surpasses  thom.  We  have  therefore  increased  complicacy 
of  Convolution  showing  itself  in  the  brain  of  Muu  under 
Buch  doubly  adverse  general  conditions  as  to  make  its 
existence  all  tho  more  significant  of  the  enormous  advance 
which  has  actually  taken  place  in  the  dt;velopmeut  of  tho 
Cerebrum. 

Again,  seeing  that   the  increased  cunvolutiouul   com- 
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plexity  of  the  Cerebrum  in  higher  as  compared  with  lower 
Iltimnn  Races  is  nlBo  associated  with  an  enormous  increase 
in  *  cranial  capacity'  and  weight  of  Braiu  —  tbongh 
bodily  stature  remains  pmctically  the  same — we  have  here 
further  evidence  as  to  the  vast  development  of  the 
Cerebral  Hemispheres  that  has  taken  place  during  the 
Jong  roll  of  centuries,  wliilst  the  ancestors  of  present 
civilized  races  have  been  gradually  raising  theraseWe*] 
from  pristine  states  of  savagery  and  barbarism. 

The  high  convolutiona!  development  of  the  brain  of 
Man  is,  therefore,  a  matter  of  altogether  greater  siguifi- 
cance  than  the  Barao  feature  in  Elephants  and  Cetacca, 
seeing  that  it  clearly  is  not  in  him,  as  it  is  to  a  consider^] 
able  extent  with  them,  a  mere  correlative  of  ^rcat  com^ 
parative  size  of  body. 

It  is  quite  possible,  however,  that  the  relation  between' 
high  convulutional  complexityof  the  Human  Cerebrum  and 
liigh  Iiitollectual  and  Moral  Attainments  may  bo  general,^ 
rather  than  special  and  invariable.     This  relation  Tanj^^ 
indeed,  be  very  similar  to  that  which  has  been  shown  tai 
obtain  in  human  beings  between  high  Brain-weights  ant 
superior   Mental   Attainments   and   Powers.     Prevailing 
tendencies  decidedly  favour  such  coincidences,  and  yel 
as  wo  have  seen,  notable  exceptions  may  from  time  to^ 
time  be  encountered.     In  subsequent  chapters  it  will  bo 
pointed  out  that  there  is  a  functional  inequality  bctweei 
the  two  Cerebral  Hemispheres,  so  that  the  asymmetrical 
development  of  their  otherwise  corresponding  convoln-j 
tionsmay  be,  at  least  in  part,  due  to  this  fact. 
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**Man  rs  a  being  who  reasons  is  dependent  upon  the 
form  of  Language  which  ho  emplo3^s»  to  an  extent  that 
can  scarcely  be  over-estimated.  It  is  by  virtue  of  this, 
in  great  part,  that  he  attains  to  such  skill  and  excellence 
in  the  canning  on  of  complex  mental  processes.  And  if, 
in  attempting  to  bridge  in  the  fiiintest  way  the  great 
intellectual  and  moral  gap  which  sunders  man  from  the 
highest  of  the  inferior  animals,  we  say  that  he  alone  is 
iwsscsficdof  the  power  of  spealdiig  and  uf  uwing  Articuhito 
Language,  we  itrobiibly  fix  upon  that  power  which,  infi- 
nitely above  all  others,  has  had  to  do  with  the  gradual 
progress  that  seems  to  have  taken  place  during  the  lupse 
of  ages — a  progi-oss  which  has  enabled  particular  races  of 
man  to  advance  through  the  multitudinous  gi-ades  of 
civilization  intervening  between  those  who  Lved  iu  the 
condition  of  savages,  and  those  who  now  constitute  the 
flower  of  European  civihzation.  If  then  the  pusyession  of 
Articulate  Speech,  with  the  Hupcraddod  accoraplishnients 
growing  out  of  this,  of  transmitting  thought  by  moans  of 
written  and  printed  symboln,  have  had  suth  an  over- 
whelming influence  in  aiding  certain  races  to  elevate 
themselves  out.  of  a  condition  fif  the  rudest  barbarism,  it 
neema  even  more  cettain  still  that  Thought  in  all  xIa 
higher  modes  could  not  be  carried  on  at  all  without  the 
aid  of  Language  of  some  kind." 
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This  passage,  which  formed  the  iDtroduclion  to  an 
article  on  *•  The  Phjsiolog)'  of  Thinking/*  written  soma 
years  ago,*  may  be  taken  as  the  text  of  the  present 
chapter. 

Views  very  similar  to  these  had  previously  been  enforced 
by  llorbert  Sjioncor,  Huxley,  and  othei*s,  and  they  have 
grown  much  in  public  recognition  during  the  intervening 
period,  especially  through  the  able  advocacy  of  one  whoso 
loss  we  have  now  to  deplore.  Though  the  doctrines  ex- 
pressed by  (t.  H.  Lewes  were  not  perhaps  so  novel  as  liis 
language  seems  to  imply,  yet  he  lent  them  now  force,  and 
do\'elopcd  them  in  a  fuller  and  more  precise  manner  than 
had  bocM  done  by  other  writers. 

The  most  obvious  use  of  Language  is  of  course  as  a 
means  of  definite  communication  between  man  and  man. 
In  his  **  Laws  of  Thought,"  Thomson  sjiys  (pp.  37-3!)  and! 
47):  *'We    might   dispense   with    articulate    speech   for 
certaiu  purposes,  and  might  make  gestures  and  changes 
of  the  coutitenunce,  which   are   the   language   of  action,, 
supidy  its  place.     But  actions  and  the  ploy  of  fcatureSj 
whilst  they   servo    to   express  love  or   hatred    for   some 
present  object,  need  of  food  or  rest,  joy  or  sorrow,  can 
but  express  a  very  small  and  confined  list  of  thoughts,  ifj 
we  would  indiciite  our  feelings  towards  an  absent  person^ 
or  our  wish  fur  something  at  a  distance^  or  would  dirtMitj 
attention  to  some  inward  state  or  sentiment  .  .  .  Hence 
it  is  uecefisaiy  to  appropriate  to  every  object  a  eignal^I 
always   available,  which  all  men  by  a  tacit   convcutioa; 
accept  as  a  substitute  for  the  object,  and  which,  thei-e« 
fore,    recalls   the    object    to    the    fancy   whenever   it   is\ 
employed;  and  such  a  signal  is  a  noun  or  name  .  . 
Names,  however,  are  representatives  of  things  ;   and  the' 
dificrent  states  of  things  must  tindan  exi>res&\on  Wkcwisc 
•  "  Fortnijjhtly  Review/'  January,  \S69. 
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henc«  the  need  of  adjectives  and  verbs.  The  verb  has 
the  power  of  assigning  to  tbe  tbin^  at  a  parUcubir  time 
the  condition  of  being,  doing,  or  undergoing  sonietbing. 
.  .  ,  "When  two  or  more  names  come  together,  it  is 
frequently  necessary  to  express  the  mutual  relation  ill 
vbioh  they  stand ;  a  thing  may  be  to,  from,  by,  in,  near, 
above,  below  another,  and  prepositions  arc  inserted  to 
determine  this.  Hero  then  are  the  four  principal  parts 
of  s|>cech,  substantives,  or  namoa  to  express  substantives^ 
adjectives  to  stand  for  attributes,  prepositions  to  denote 
relations,  ond  a  single  verb  to  assign  attributes  or  rela- 
tions to  substantives  at  a  determinate  time/' 

"  The  various  parts  of  speech  took  their  origin  fium  the 
noun  and  verb,  or  possibly  from  the  noun  alone,  jrany 
instances  can  be  found  ot  adverbs  and  prepositions  which 
are  distinctly  sulatantivus,  aud  of  conjunctions  which  we 
fant  parts  of  verbs.  Then  the  close  connexion  between 
the  verb  aud  noun  is  indicated  by  the  nnmbor  of  words 
which,  in  our  own  lungiiugo,  uro  both  verb  aud  noun,  and 
only  distinguished  by  mode  of  pronunciation." 

*'  It  is  impossible  to  tmce  the  growtli  of  language  with 
certainty;  but  it  is  most  probable  that  many  of  the  roots 
of  tbe  ])rimitive  lauguago  were  originally  imitations  of  the 
various  Bounds  emitted  by  tilings  in  the  natural  world. 
A  bird  or  animal,  jHirhapSi  received  a  name  derived  from, 
and  resembling,  its  own  peculiar  utterance.  The  cry  or 
exclamatiuu  that  man  emitted  instinctively  under  the 
pressure  of  some  strong  feeling,  would  be  consciously 
reproduced  to  represent  or  recall  the  feeling  on  another 
occasion :  and  it  then  becomes  a  word  or  vicarious  sign. 
Where  natural  sounds  failed,  analogy  would  take  the 
place  of  imitation  ;  words  harsh  and  ditlieult  to  pronounce 
would  be  preferred  to  stand  for  unpleasiug  objects,  over 
those  of  a  more  bland  and  facile  character,  which  would 
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bo  uppropriiitcd  to  pleaniiut  things  and  conceptions. 
There  agreement  among  those  who  used  the  luugnage, 
Mould  be  sufficient  to  stamp  a  vocal  souud  as  tho  name  of 
a  certain  object,  where  neither  imltaLiou  nor  analog 
suggested  one.  hut  these  original  roots,  the  simplest 
form  of  substantives,  would  gradually  become  less  and 
less  discerniblo  as  the  language  grew  richer  and  more 
intricate,  "Wherever  new  arts  are  practised,  wo  may 
easily  find  opportunities  of  watching  the  growth  of  new 
names  for  its  instruments  and  processes,  guided  by  tbesa 
three  principles,  imitation,  analogy,  and  mere  con- 
vention." 

"  These  are  but  slender  hints,"  says  the  author  (now 
Archbishop  of  York),  **oi'the  direction  in  which  profound 
and  acute  researches  have  been  made.  And  I  do  not 
think  that  such  attempts  to  dissect  and  analyze  language, 
pursued  with  proper  caution,  tend  at  all  to  lower  oar 
estimate  of  the  importance  of  the  gift  of  speech,  or  of 
its  marvellous  nature."  This  will,  perhaps,  be  a  con- 
Bolaiory  admission  to  many  persons.  It  is  further  not 
without  interest  to  find  auother  higlJy  acute  and  philoso- 
phical Doctor  of  Divinity  writing  as  follows  • : — 

*'  In  inquiring  how  far  the  same  process,  can  account 
for  the  inventiun  of  language,  which  now  takes  place  in 
the  learning  it,  the  real  question  at  issue  is  simply  this  ; 
Is  the  act  of  giving  names  to  individual  objects  of  snise  a 
thing  so  completely  beyond  the  power  of  a  man  created  in 
the  full  maturity  of  his  faculties,  that  we  must  suppose  a 
Divine  Instructor  performing  precisely  the  same  office  as 
is  now  performed  for  the  infant  by  his  mother  or  bis 
nurso;  teaching  bim,  that  is,  to  associate  Uns  sound  with 
thh  girfht  /  "  Thisquestion  maybe  asked  in  the  interests 
of  a  human  race  naturally  evolved,  with  as  much  cogency 
•  Dr.  Munael,  **  Frolc^meDa  Logica,**  p.  20, 
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as  in  reference  to  the  hyp^tlietical  man   "  created  in  the 
fill!  maturity  of  his  faculties." 


An  endow*niL*nt  like  Articulate  Speech,  when  once  started 
—whether  by  Koine  hidden  and  unknown  process  of  natural 
development,  or  as  a  still  more  occult  God-sent  gift  to  Man 
— was  by  its  very  nature  almost  certain  to  have  led  its  pos- 
acsHors  by  degrees  along  an  upward  path  of  cerebral  devel- 
opment, liow  rIow  and  tardy  the  process  has  been  we  are 
now  beginning  dindy  to  perceive,  by  reason  of  those  re- 
searches which  have  made  known  to  us  the  great  antiquity 
of  the  Human  Hacc  ami  the  far  remote  period  of  Mans 
appearance  upon  this  Earth. 

Anterior  to  historical  epochs,  the  Men  who  were  the 
coniemporacios  of  the  great  Mammoths,  whose  remains  are 
found  in  the  Post-Tertiary  Drift,  those  of  the  ISone-Caves, 
those  of  the  Shell-heaps  and  the  Peat-bogs,  as  well  as  those 
of  the  Cromlech  period  and  the  Karly  Lake-dwellings,  lived 
for  untold  ages  in  a  state  of  simplicity  and  barbarism  far 
greater  than  that  which  still  continues  among  many  of  the 
savage  and  semi-savage  races  covering  so  large  a  pro]>or- 
tion  of  the  Karth's  surface. 

Progress,  in  the  early  .stages  of  human  history,  was 
necessarily  so  slow  as  to  have  seemed  almost  absent,  even 
if  we  mark  time  by  centuries.  Gradually,  however,  as  a 
nomad  life  gave  place  to  a  more  complex  communal  hfe, 
the  atlvantages  of  co-opcratinn  would  show  themselves  in 
many  ways.  The  commencement  of  a  developing  Social 
Organization  necessarily  entails  a  greater  diversity  m 
the  relations  of  man  with  man,  which  would  naturally 
become  reflected  in  their  Language,  and  proportionately 
increase  the  area  of  their  Ihought-proeesses,  by  giving 
birt!»  to  new  exercises,  or,  at  all  events,  by  greatly  strengtli- 
ciiing    certain    previously    embryonic     mental     processes. 
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lucroased  Syinpnthy,  as  mcJI  as  an  increased  recojjnilic 
by  ench  unit  of  iho  '  social  organism  *  of  what  bo  niij^ijt 
for  the  gratlGcation  of  hia  own  wants  or  desires  wjtLot 
Lringiug   puiu  upon    hiiupclf  through  the   anger   of 
fellows,  would  gradually  tench  hira  the  necessity  of  sul 
ordinatiug  wiibin  certain  limits  his  realization  of  egoist 
impulses,  and  the  need,   even  for  the    sake  of  his   own 
bappinuRH,  of  enutinually  bearing  in  mind  the  wants  nm 
wislies  of  his  fellow-men. 

Sympathy  we  have  seen  to  have  heeu    begotten   evi 
in  the  breasts  of  many  dumb  animals,  when  they  faai 
learned  to  recognize  in  their  fellows  tlie  outwurd  signs 
that  which  they  remember  as  a  condition  of  past  diatrcs 
for  themselves.     The  ideal   recurrence  of  such   a    slat 
coupled  with   a  perception   implying  the  similar  pr< 
suffering  of  another,  prompts  to  actions  for  its  relief.     In 
such  exercise  of  mere  brute  Sympathy,  we  have  one  of  the 
most  important  germs  of  tlioso  altiniistic  feelings  whi( 
attain  so  much  breadth  and  power  in  higher  rac^s  of  Man*^ 

Equally  important,  however,  among  savage  riioes, 
those  limitations  which  *  expediency'  compels  the  individui 
to  recognize,  as  iiiipoEcd  by  his  fellow-men  upon  tho 
freedom  of  his  own  actions.  Such  considerations,  in 
concert  perhaps  with  a  strengthening  Sympathy,*  gra- 
dually tend  to  build  up  within  him  an  inward  monitor,  or 
*  Conscience,*  at  the  sfirae  time  that  there  arise  embryoh 
notions  of  Bight  aiul  Duty,  constituting  the  foundationi 
of  a  dawning  '  Moriil  Sense.'  ira>ingBuch  an  origin,  iho 
impulses  of  such  a  '  faculty '  cannot  fail  to  harmonize  wil 
prevalent  opinions  and  iiifliicDccs.  As  G.  11.  Lewi 
Bays* : — 

•'Tliere  cannot  bo  moral  relations  apart  from  Society  .  . 
Intellect  and  tlie  Connciunco  are  social  functions;  anU  their  «] 

♦  "  ProhU  nis  of  Life  and  Mind,"  vol  L  p.  ITS. 
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manifestations  are  rigoroiiely  determined  by  social  Statics*  i,^.  th«i 
atate  of  the  Social  Organism  at  the  time  being,  wliich  they  in  their 
turn  determine.  The  Laugiiage  we  lliink  in  ^nd  the  conce|ition5t 
we  employ,  the  atlitndc  of  onr  minds,  and  tlic  nieiirifi  of  investign- 
tion,  are  aocial  prodncta  determined  by  the  ictivities  of  the 
Collective  Life.  The  taws  of  intellectonl  progrosa  are  to  be  read 
In  History,  not  in  the  individual  experience.  We  breathe  the 
BociaJ  air:  since  what  we  think  greatly  depends  on  what  otheri 
have  thonjfht.** 

The  power  of  LanKiiape  iu  aiding  cerebral  development 
and  thinking  processes,  although  it  must  hfvve  been  greafc 
from  the  first,  and  ever  tending  to  increase,  did  not  reveal 
itsidf  60  forcibly  till  means  Lad  been  adopted  for  the 
preservation  and  communication  of  human  eTperieucc 
and  thoufjiit  from  generation  to  generation,  by  means 
either  of  Hieroglyphics  or  more  modern  forms  of  Writing, 
When  these  came  into  common  nse,  and  when,  more  espe- 
cially, Printing  had  been  adopted  and  booka  began  to 
circuhito,  then  at  last  Language  began  to  exercise  its  full 
inflnenco  as  an  aid  to  and  developer  of  Tliought.  For 
although  oral  tradition  is  vastly  better  than  no  maans  at 
all,  for  communicating  'experience  '  and  Thoughts  from 
one  generation  to  another,  it  is  poor  indeed  compared 
with  the  facilities  afforded  by  printing  and  the  comniou 
distribution  of  Books,  "With  these  latter  means  iu  exist- 
ence, the  Thoughts  of  man  may  go  on  accumulBting  from 
age  to  age,  forming  a  record  ol  his  complex  relations  to 
nature  generally,  to  his  fellows,  and  to  that  Social  Organ- 
ism, in  particular,  of  which  he  and  they  form  parts. 

Language  is,  however,  indispensable  not  merely  to  Ihf 
communication,  but  to  the  formation  cf  Thought,  since  it 
favours  the  birth  of  Concepts  or  General  Notions,  and  is 
essential  both  for  their  *  preservation'  and  familiar  *  uso,' 

In  his  "Prolegomena  Logica"  (pp.  19,  20,  29-31), 
I      Mansclsays: — 
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*'To  Iho  child  learning  to  Bpeuk.  words  are  not  the  aignB 
Ihoughta,  but  of  intuitions  ['I'rt'Bentatioiifl  of  Sense']:  the  wonU 
wnn  and  horse  do  not  represent  a  collecliun  of  attriUatcs,  hnt  are 
only  the  name  of  the  individiiul  nonr  before  him.     It  is  not  antil 
the  nntne  has  bcon  f)a(!CC8Bivcly  apprupriated  torarioiis  individui 
thut  reflection  begins  to  iu(|uiro  into  the  comrooii  features  of  tln^j 
cluFS.     Ijinguagc,  therefore,  as  taught  to  the  infant,   ia  chrono*] 
logically  prior  to  thought  and  posterior  to  sensation  ....  All 
<oucept9  are  formed  by  means  of  signs  which  have  previously  been 
representatiTO  of  individual   objecUj  only  ....    Similarities  are 
noticed  earlier  than  differences ;  and  our  first  abatmctions  may  be 
said  to  be  performed  for  us,  as  we  learo  to  give  the  samo  name  toi 
indiriduuls  presented  to  ns  under  slight,  and  at  iirst  nnnoticeilij 
ciri^uniRtances  of  distinetion.     The  same  name  is  thus  applied  U>l 
differt'Dt  objects,   long   before   ^e  learn  to  analyze   the  growinf 
powers  of  epocch  and  thought,  to  ask  what  wo  mean  by  ea« 
several  instance  of  ita  application,  to  correct  and  fix  the  aignific»>' 
tion  of  words  used  at  first  vaguely  and  obscurtdy.    To  ]x)int  out 
each  successive  stage  of  the  process  by  which  signs  of  intuition 
liecome  gradually  signs  of  thought,  ia  as  impossible  as  to  point  out 
the  several  moments  at  which   the  growing  child  receives 
Buocessive  increase  of  its  stature.*' 

This  important  opinion  of  Muusel,  that  witliout  '  fiij^s' 
or  Nnmos  wo  could  not  form  Concepts  at  all,  ia  in  op|to.«i- 
tion  to  ft  commonly  enteiiaincd  view,  tbat  **  we  must 
havft  Imd  the  concept  before  we  conlJ  havo  given  it  a 
name,"  hnt  it  is  one  which,  as  J.  S.  Mill*  puts  it, 
Mansel  justly  enough  bases  upon  the  view  tliat  "  names 
when  first  used  are  names  only  of  indindual  ohjccta,  hutj 
being  extended  from  one  object  to  another  under  the  Ini 
of  Association  by  Resemblance,  they  become  spociAll] 
associated  with  the  points  of  resemblance,  and  thus 
generate  the  Concept."  Sir  William  Hamilton  thinks, 
however,  that  wo  may  be  able  to  •  form  *  simple  conccpl 
though  scarcely  to  *  preserve '  them  without  the  aid  of' 

*  "  Exam,  of  Sir  Wm.  Hamilton's  Philosophy;*  p,  d^ 
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signs.  "A  word  or  sign,"  he  says,*  *' is  necessary  to 
give  atubility  to  our  iiitolloctual  process,  io  eHtablisli 
each  step  in  our  advaDce  as  a  new  starting-point  for  our 
advance  to  another  beyond.  A  country  nniy  be  overrun 
by  an  armed  host,  but  it  is  only  conquered  by  the 
ostablishmout  of  fortresseB.  Words  are  fortresses  of 
thono^ht.  They  enable  us  to  realize  our  dominion  over 
what  we  have  already  overrun  in  thouglit ;  to  make  every 
intellectual  conquest  the  basis  of  operations  for  others 
still  beyond  ....  Though,  therefore,  we  allow  that 
every  movement  forward  in  lanpjuage  must  be  determined 
by  an  antecedent  movement  forward  in  thou^'ht ;  still, 
unless  thought  be  accompanied  at  each  point  of  its 
evolution,  by  a  corresponding  evolution  of  language,  its 
further  development  is  an-ested."  On  a  previous  page  he 
had  said  : — *'  The  concept  thus  formed  by  an  abstraction 
of  the  resembling  from  the  non-resembling  qnnlities  of 
objects,  would  again  fall  buck  into  the  confusion  and 
infinitude  from  which  it  has  been  called  out,  were  it  not 
rendered  permanent  for  consciousness,  by  being  fixed  and 
ratified  in  a  verbal  sign.'* 

While  there  seems  to  be  good  reason  for  believing 
with  Mansol,  that  General  Notions  or  Concepts  cannot  bo 
formed  without  the  aid  of  Signs,  this  doctrine  must  be 
received  with  a  certain  renervation,  which  tends,  however, 
to  support  the  opiRion  of  Sir  William  Hannlton.  Signs 
are  necessary ;  but,  for  the  formation  of  simple  General 
Notions,  •  Visual  Images '  may  take  the  place  of  Words. 

On  this  subject  J  S.  Mill  ways: — "Tlio  signs  need  cot  be  arti- 
ficial; there  are  »nch  tilings  an  natural  signs.  The  only  reality 
Ihere  i«  in  the  Concept  is,  that  we  are  aomebow  enabled  and  k*0, 
not  once  or  occidcntully,  but  in  the  common  course  of  our  thoughts, 
to  attend  specially,  and  more  or  less  exclusively,  to  certain  purta 

•  "Lectures."  vol.  iii.  pp.  138-UO. 
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of  the  presentatioa  of   senne   or  roprcBuntuiioD   of   iniii!*inat» 
Trhicli  wo  are  conscious  of.   Now,  what  is  Iherw  to  make  undo  thUfj 
There  must  be  Bomething  which,  as  often  as  it  reoure  either  lo  oa 
sensea  or  to  our  thoughts,  dii-cctg  our  attention  to  those  purlicnla 
elomchta  in  the  porc<»fitioD  or  in  the  itlca :  and  whtim'tr  pvr/nn 
ihie  office  i«  virtimlhj  a  Bi'jn  ;    but  it  need  not  be  a  word:    th 
process  certainly  takes  place  to  a  limited  extent,  in  the  inferi 
aninuiU ;  and  even  inhuman  beings  who  have  but  a  Braall  Toca- 
bulary,  many  processca  of  thoupfht  t^ilce  place  habitually  by  olh 
flymlwls  than  words.     It  is  a  doctrine  of  one  of  the  most  ferti 
thinkers  of  modem  times,  Augusto  Comte,  that  besides  the  lojjf 
of  signs,  there  is  a  logic  of  images,  and  a  logic  of  feelings.    Ii 
many  of  the  familiar  processes  of  thought,  and  especially  in  uncu! 
turcd  minda,  a  visual  image  servea  instead  of  a  word.     Onr  visn 
f)Cnaatinns — perhaps  only  because  they  are  almost  always  jiresenl 
along  with  the  imiircssions  of  our  other  senses— have  a  facility 
becoming  asisociatod  with  them.     Hence  the  cliaractcrislic  visu 
appearance  of  an  object  ea.si!y  gathers  round  it,  by  association,  t! 
ideate  of  all  other  peculiarities  which  have,  in  fn-quent  experieo 
coexisted  with  that  ap^tearance:  and  summoning  up  these  with 
■trcnijth   and  certjiiiity  far  surpassing  that  of  the  merely  casu 
associations,  which  it  may  also  raiae,  it  concentrates  the  attention 
on   them.    This   is    an   imago   serving    for   a  gign — the  logic  of 
images.     The  same  function  may  be  fulfilled  by  a  feeling.     Any 
strong  and  highly  interesting  fet-lingt  connected  with  one  attribute 
of  a  group,  spuutaneously  classities  all  objects  according  as  th 
possess  or  do  uot  possess  that  atti'ibnte.    M'o  may  be  tolera 
certain  that  the  things  capable  of  sutiftfying  hunger,  form  a  j 
fectly  di;<linct  class  in  the  mind   of  any  of  the  more  intellige 
animals;  quite  as  much  so  as  if  they  were  able  to  use  orunder^ta 
the  word  food." 

Whilst  it  seems  possible,  therefore,  that  wnaplo 
General  Notions  may  be  formed  around  and  called  up 
by  Feelings,  and  consequently  by  the  Irartges  of  tbes«^J 
(and  especially  by  Visual  Imnr^es),  it  is  also  clear  lh»t" 
Words  are  iticcb  more  potent  Signs,  since  iu  addition  to 
the  nid  which  tlioy  nfibrd  in  the  formation  of  Genersd 
T^otions,  tluy  carry  with  tlum  the  power  of  being  used 
as  menus  of  commimicating  Thoughts,  and,  therefore,  of 
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Htren*^thenitip  them  by  repetitioiiH  tiiul  tnntuul  iuter- 
cbuijges,  during  tlio  dully  lifo  of  llic  uuiU  of  any  tribe, 
race,  or  nation  of  Human  Bein^. 

As  Thomson  says*: — "Language,  the  close-fitting 
dress  of  our  tliuu<^'Lts,  is  uiwuyH  auulylical,  it  does  not 
Lody  forth  a  mere  picture  of  fuctB,  but  ditiplays  the 
working  of  the  mind  upon  the  facts  submitted  to  it| 
with  the  order  in  which  it  rcgftrds  thorn  ....  the 
same  language  becomes  more  analytic  as  literature 
and  refineoacnt  increase.  This  pro}>crty  indicates,  ns 
we  should  expect,  correfipouding  changes  in  the  sUito 
of  thinking  in  diiferent  nations^  or  in  the  same  at 
difTerent  times.  With  increasing  cultivation,  finer  dis- 
tinctions are  seen  between  tite  relations  of  ol»j*^clB, 
and  corresponding  expressions  are  sought  for,  to  denote 
tliem ;  because  ambiguity  and  confusion  would  result 
from  allowing  the  same  word,  or  form  of  words,  to 
coutinae  as  the  expression  of  two  different  things  or 
facts  .  ,  .  ,  A  discovery  can  hardly  be  said  to  bo  secured, 
until  it  has  been  marked  by  a  name  whii'h  shall  serve  to 
recall  it  to  those  who  have  once  mastered  its  nature,  and 
to  chalh^ngo  the  attention  of  those  to  whom  it  is  still 
strange.  Such  words  as  inertia,  ufllnity,  polurisatiou, 
gravitation,  are  Bummanes  of  so  many  laws  of  nature, 
and  are  so  far  happily  choson  for  their  purpose,  that, 
except  perhaps  the  third,  each  of  them  guides  us  bj'  its 
etymology  towards  the  nature  of  the  law  it  stonds  to 
indicate  ....  Names  then  are  the  means  of  fixing  and 
recording  the  results  of  Uiiiiia  of  thought,  which  without 
them  must  be  repeated  frequently,  with  all  the  pain  of  the 
first  effort  ....  As  the  distiuctinns  between  the  rela- 
tions of  objects  grow  more  numerous,  involved,  and  subtle, 


*  •'  Lawb  of  Thought,"  p.  28. 
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it  l>ecomes  more  nnalytic,  to  bo  able  to  express  tbem : 
and  invcrBoly  tliosc  who  arc  bom  to  be  the  beirs  of  a 
bigbly  analyti'!  Iauguat;c,  iiiiist  needs  learu  to  think  vp  to 
it,  to  observe  and  difltingaiKh  all  tlie  relations  of  objects, 
for  wbicb  tbcy  find  tbe  exi)ressions  already  formed,  so 
tbut  we  bavo  an  instructor  fur  tbe  tbinking  powers  in  that 
speech,  whicb  we  are  apt  to  deem  no  more  than  tbeir| 
bandmaid  and  minister/* 

Leibnitz;,  in  an  iiupoiiaut  passage  concerning  tbd] 
symbolical  nature  of  many  of  our  processes  of  cogni- 
tion or  tbouglit,  was  tbe  first  to  call  attention  to  a  kind 
of  fusion  or  identification  of  Thought  and  Word,  wbicb  is 
habitually  taking  place  in  our  ordinary  mental  processes. 
General  and  abstract  names  or  words  are  often,  as 
Thomson  says,*  *' Symbols  both  to  speaker  and  hearer, 
tbe  fall  and  exact  meaning  of  which  neither  of  them  stops 
to  unfold,  any  more  than  they  regularly  reflect  that  every 
sovereign  which  passes  through  their  hands  is  equivalent 
to  240  pence.  Such  words  as  the  state,  happiness^ 
liberty,  creation,  are  too  pregnant  with  meaning  for  us 
ti)  suppose  that  we  realize  their  full  seuHc  every  time  we 
read  or  pronounce  them.  If  we  attend  to  the  working  of 
our  own  minds,  wo  shall  find  that  each  word  may  be 
used,  and  in  its  proper  place  and  sense,  though  perhflpe 
none  or  few  of  its  attributes  are  present  to  ns  at  the 
moment.'* 

The  process  of  Cuiiception  by  which  such  general  or 
Abstract  Notions  are  arrived  at,  is  only  possible  by  a  prior] 
use  of  Language  ;  and  the  marking  of  these  complex 
notions  by  Words  subsequently  to  be  used  as  *  symbols '  or' 
counters  equivalent  to  such  Notions,  is  a  fusion  into  ono 
of  cerebral  Thought-processes  and  Word-processes — tho 
AVord  in  future  is  the  Thought. 

♦  Loo.  cit.  p.  :«$. 
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After  these  brief  obaeivationa  coiicirning  tho  growth 
nnd  functiouB  of  Lan|Tuage»  and  as  to  its  use  in  aiding 
the  development  of  Mind,  wo  nifty  turn  to  the  yiews  of 
G.  H.  Lewes  concerning  the  transition  from  Brute  to 
Human  Iute]Iigeuco,  and  on  the  Bubject  of  tlio  further 
powerful  influence  eicerted  by  Language,  when  acting  in 
concert  with  Social  Intluonccs  generally — the  inflnences 
that  is,  which  arc  brouglit  to  bear  upon  Men  as  units  in  a 
gradually  developing  Social  Organization. 

He  says*  :  "That  animals  have  sensations,  appetites, 
emotions,  instincts,  and  intelligence — that  they  exhibit 
memory,  expectation,  judgment,  hope,  fear,  joy — that 
they  learn  by  experience,  and  invent  new  modes  of  Batis- 
fying  thnir  desires,  no  philosopher  now  denies.  And  yet 
the  gap  between  animal  and  human  intelligence  is  bo 
wide,  that  Philosophy  is  sorely  puzzled  to  reconcile  the 
nudeniabic  facts."  .  .  .  "Animals  having  organs  closely 
resembling  our  ovsti,  and  feelings  closely  resembling  our 
own,  have  little  or  nothinj^  of  the  highest  order  of  mental 
activity ;  Animals  are  ijitelligent,  but  have  no  Intellect ; 
ihey  are  sympathetic  bat  have  no  Ethics;  they  are 
emotive,  but  have  no  Conscience.'*  .  .  .  When  it  is 
said  that  Animals  however  intelligent  have  no  Intellect, 
the  meaning  is  that  they  have  perceptions  and  judgments^ 
but  no  conceptions,  no  general  ideas,  no  symbols  for 
logical  operations. j-  They  are  intelligent,  for  we  see 
them  guided  to  action  by  Judgment;  they  adapt  their 
actions  by  means  of  guiding  sensations,  and  adapt  things 
to  their  ends.  Their  mechanism  is  a  sentient,  intelligent 
mechanism.     But  they  have  not  Conception,  or  what  we 

*  ''Froblcnifl  of  Lite  aud  Mind,"  vol  L  pp.  152,  154,  and  15t$. 

+  To alirait<?d extent,  as  already  stated, there  is  reason  toMiove 
that  animuU  do  carry  on  some  snch  mental  proceBsoH,  not  of  courso 
by  Word  Symbols,  but  by  meauf  of  Visual  Iroageit. 
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&l>eciallj  designate  as  Thought,  t.«.  that  ]o|ncal  fnD«ti< 
uiiicU  (leiilH  with  •generalities,  ratios,  Bj^'inbols,  as  Feolii 
deals  with  particulurs  and  ohjects,  a  Junction  guiitahu 
by  and  subgewiciU  to  impersonal^  social  emla,  Takii 
Intellijfcnce  in  general  as  the  discrimiufltion  of  moans 
ends — the  guidance  of  the  Organisuj  towards  the  satiafao^^ 
tion  ol  its  impalscs — wo  particularize  Intellect  as  a  highly 
difTerentiuted  mode  of  this  function,  naniel^,  as  tl 
discrimination  of  symbols.  This  differs  from  tho  ru< 
mentary  mode,  outof  which  it  is  ueTertheless  an  evolntioi 
as  European  Commerce  differs  from  the  rudiiuontai 
Barter  of  primitiro  tribes.  Commerce  is  impossibta^ 
except  under  complex  social  conditions  oat  of  which  it 
sprin{;6 ;  and  its  operations  are  mninlr  carried  on  by 
mrans  of  symbols  which  take  the  place  of  objects;  the 
bill  of  invoice  represents  the  cargo ;  the  merchant's  signa- 
ture represents  the  payment.  In  like  manner  Intellect 
impossible  until  animal  development  has  reached  t) 
human  social  stage ;  and  it  is  at  all  periods  the  index 
that  development ;  its  operations  are  likewise  carried 
by  means  of  symbols  (Laii;:fU'ig'>)  which  represent  rei 
objects,  and  can  at  any  time  be  translated  into  feeliai 
,  .  .  between  tl»e  extremes  of  human  Intollijrence — aay 
Tasmauian  and  a  Shakespeare — there  are  iufiuitesLiui 
gradutions,  enabling  us  to  follow  tho  development  of 
one  into  the  other,  ^vitliout  the  introduction  of  any  essen- 
tially new  fiK-tor.  Rut  between  animal  and  human  Intd-^ 
ligence  there  is  a  gap,  which  can  only  bo  bridged  over  by 
an  addition  from  without.  That  bndge  is  the  LaogQi 
of  symbols,  at  once  the  cause  and  effect  of  Civilijuttioc* 

Again,    the    same   writer    remarks*: — "An    ani 
suffers  from  a  physical  calamity,  seeks  to  cscaj^e  from  H," 


Loc.  cit,  pp.  I»i8,  \Q9, 
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but  never  seeks  to  undorstniul  Bnd  modify  its  nuiees. 
The  savage  al»o  suffers,  aud  seeks  to  escape.  But  ho 
wonders,  apocnlntes  on  the  cnuseH,  liojws  to  muster  thom 
by  iuvocations,  or  incantations.  The  civilized  man  tries 
to  underaiund  the  cruscs,  that  he  may  modify  the.m  when 
they  are  modihaldo.  and  resi-rn  himself  to  them  when 
they  arc  unmodifiable.  The  nuiniiil  bus  only  the  Lo;^c 
of  Feeling  to  gnide  his  actions,  lie  observes  and  con- 
clndes,  Devoc  explains.  The  man  has  besides  this  tho 
Logic  ot  Signs :  he  observes  and  explains  the  visible 
series  by  an  invisible  series.  The  one  has  only  know- 
ledge o!  particular  facts,  tbe  otlior  a  knowledge  ot  general 
facts. " 

In  the  progress  of  Intelkctual  Development  there  is 
exhibited  an  ever-uicreasing  tendency  to  deal  with  more 
and  more  remote  Conceptions,  niid  with  indirect  mental 
processes  which  detach  the  mind  further  and  further  from 
Sensible  Observation.  It  may  be  illustrated,  as  G.  H. 
Lewes  says,*  by  the  stages  of  numerical  calculation. 

"Man  hcgina  by  cciunting  tbings,  grouping  them  vieibly.  He 
then  loaruB  to  connt  w'mply  tbe  nuinbera,  in  the  absence  of  tho 
things,  asing  his  fiiigi^rH  und  toca  for  symbol.  Ke  then  substitutes 
abstract  signs,  and  Arithmetic  begins.  IVom  this  he  pusses  to 
Algebra,  the  signM  of  which  are  nut  only  abstract  bat  geueral ;  and 
now  he  catcnhitos  nmnL-rical  rclationa  not  numbers,  From  this  ho 
passes  to  the  higher  calculus  of  relations  ....  Id  coutteiiueuce  of 
tiii«  development  of  Intellect — Le.,  of  the  interest  iu  remote  means 
sobHtitaLed  for  direct  ends— man  acquires  his  immense  suiieriorily 
over  iinimuls  in  achieving  tho  final  end.  It  is  thus,  and  thns  only, 
thai  be  is  enubled  to  modify  the  coarse  of  events.  It  is  thus  that 
8nntiMnr«  becomes  Science,  facts  are  condennod  into  laws,  and 
direct  vision  is  mulli[>licd  and  mugnitied  bjr  a'moto  previMton." 

"  The  flhauriHty  of  snppOHinir  ihiit  any  hj>o  cculd,  under  any 
normal  circiuntiUinces,  conytnict  a  £cieulitic  theory,  unulyze  a  fact 
into  its  component  factors,  fnimo  to  himself  a  pictaro  of  the  life  led 

*  Loc.  cit.  p.  171. 
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by  his  ancestors,  or  cunscioualjr  regulate  bis  condnct  with  a  vi«tr 
to  the  welfare  of  remote  descendants,  is  so  gUring,  that  we  need 
not  wonder  at  profoundly  meditutive  ininda  faavia^  been  led  to 
reject  with  scorn  the  hypothesis  which  seeks  for  an  explanation  of 
human  Intelligence  in  the  functions  of  the  bodily  organism  connioo 
to  man  and  aiiimuls.  and  having  had  recounie  to  Uie  hypothesis  of 
a  spiritual  agent  superadded  to  tbe  organism.'* 

**  But,"  he  adds,*  "  the  Bava$;e  is  not  Iv&s  inL'ompet4.>nt  than  the 
animal  to  originate  or  orcn  nnderstund  a  philosopliicol  conception; 
the  peasant  would  be  little  better  than  the  ape,  in  presence  of  th« 
^troblems  of  abstract  science;  and  it  would  l>e  hopeless  to  expect 
cither  of  them  to  \Tt>igh  the  stars,  or  to  understand  the  equations 
of  curves  of  double  curvature.  Xor  are  the  moral  conceptions  of 
the  savage  much  higher  thou  those  of  the  animaL  His  language 
is  without  terms  for  Jnfitioe.  Sin,  Crime:  he  has  not  the  ideaL 
iie  understands  generosity,  pity,  and  love,  little  better  than  the 
dog  or  the  horse  does.  His  intelligence  is  mainly  confined  to 
perceptions  and  KeuLiments.  His  aims  are  alraoat  all  immediattf 
and  prncticul,  rarely  remote,  never  theoreticul.  The  most  intelli- 
gent iuhabitimts  of  Guiiiiia,  though  far  romr^vcd  from  primiti^'e 
Savagery,  conid  not  believe  that  Humboldt  had  left  his  own 
conntry  and  come  to  theirs  '  to  bo  devoured  by  mosquitoe  for  th« 
sake  of  measuring  lands  which  were  not  his  own.*  ....  All  tli 
materials  of  Intellect  are  images  and  symbols,  all  its  procesaec  m 
o|>emtloris  on  images  and  symbols.  Language — which  is  wholl 
a  social  product  for  a  social  need — is  the  chief  vehicle  of  symbol 
icul  operation,  and  the  only  means  by  which  abstraction  ix  effectoL 
'NV'ithout  Language  there  ciin  be  no  meditation,  no  theory. 
Thought,  in  the  special  meaning  of  that  term.** 

Bat  as  we  have  already  binted,  concurrently  with  th^' 
development  of  Muu*s  lutellectual  Nature,  there  grudually 
emerges,  in  response  to  other  aspects  of  the  same  general 
inflneuces  and  couditioiiB,  what  is  known  as  his  Moral 
Nature. 

As  Lewes  saysf: — "Man's  individual  functions  arise] 
in  relations  to  the  Cosmos ;  his  general  fuuctious  arisd' 
in  relations  to  the  Social  Medium ;   thence  Moral  Ltf< 

«  Loc.  cit  pp.  158, 167.  t  Loc.  at  pp.  159, 17i 
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emergOH.  All  the  nuimal  Impulses  bficomc  blended  with 
hnman  Emotions.  In  tlio  process  of  evolution,  starting 
from  the  merely  ftniiniil  ajijit^tite  of  sexnality,  wo  arrive  at 
the  purest  and  most  far-rcauhinj^  tenderness ;  fiom  the 
merolyanimal  propertyof  Seiisilnlity  wo  arrivoat  the  noblest 
heights  of  Speculation.  The  Social  Instincts,  which  aro 
the  analognes  of  the  individual  Instincts,  tend  more  and 
more  to  make  Sociality  dominate  Animality,  and  thus 
subordinate  Personality  to  Humanity.  ....  Thus  Iho 
human  Intellect  emerges  from  animal  Intelligence,  and 
develops  a  vast  independent  creation,  luiving  the  whole 
Cosmos  and  Humanity  for  its  material.  Concurrently 
with  this,  the  Moral  Intelligence  develops  its  syptem. 
Both  Intellect  and  Conscience  are  products  of  the  animal 
impulses  and  social  impulses  acting  and  reacting.  AVhilo 
the  Intellect  is  muiuly  occupied  with  the  relations  of  the 
Cosmos  and  its  History,  having  the  ultimate  aim  of 
making  these  subservient  to  practical  needs,  the  Con- 
science, or  Moral  Intelligence,  is  mainly  occupied  with  the 
relations  of  humanity — human  needs  and  human  actions 
— having  the  ultimate  aim  of  conforming  our  conduct  to 
those  relations,  harmonising  our  impulses  with  the 
impulses  of  others,  thus  aidiug  others  and  gratifying 
ourselves." 


CHAPTER  XXin. 


THE   INTERNAL   8TRCCTDKE    Of   THK    HITHAN   BRAIK. 


The  iBternal  structnro  of  tbe  Uaman  Erain  is  so  coni]>l6: 
and  111  the  suidc  time  so  vcrj  imperfectly  kuowny  as  to  iuak< 
it  4iifHt'iiIt  to  give  any  account  of  it  whioli  shall  he  inU'I' 
ligihlo  to  the  majority  of  readers.  The  adequate  com- 
prehension  even  of  its  general  plan  or  groundwork  wil 
require  a  full  amount  of  attention.  In  the  present  chap-_ 
ter  multituJcH  ot  technical  details,  whose  sigiiilicauee 
cither  nnknowii  or  incapahle  of  heing  appreciated  by  any 
one  who  hn.9  not  prcWously  made  a  close  stndy  of  tho_ 
Buhject,  will  be  excluded.  The  discusBion  of  such  detail 
may  be  found  in  more  technical  md  purely  anatomicf 
works. 

By  tracing  upwards  some  of  the  more  elementary  forma 
of  the   Nervous  System  met  with   among  Invertebnites,, 
and  afterwards  describing  the  principal  extenial  or  grosser] 
variations  of  the  Bruin  as  they  present   themselves  in  thft 
VerU^brato  Series,  the  best  preparation  has  perhaps  beeoJ 
made  for  such  a  study  of  the  structure  of  ihe  Brain  oJ 
Man,  as  is  compatible  with  the  plan  of  this  work,     Tho 
reader  will  thus  have   beon  gradually  introduced  to  tho 
representutivt's  of  the  several  parts  of  the  Human  Brain, i 
and  the  doHcription  of  tliis  organ  ought  thereby  to  Inivj 
been  rendered  both  simpler  and  more  interesting  than  it 
would  other  wise  have  lieen.     No  parts  absolutely  new  will 
be  met  with,  though  it  will  not  be  difficult  to  note  many 
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differences  in  regard  to  the  absolute  or  relative  size  of 
divisious  of  tbe  Bruin,  with  wbicli  tlio  reader  is  already 
familiar  from  thdr  occurrence  in  lower  animals.  The 
posfseijsiou  of  a  basis  of  comparison  of  this  kind  can 
Bcarocly  fail  to  infuse  fjreat  additional  interest  into  the 
study  of  tbe  bniiu  of  Man,  and  it  will  otlcu  obviate  tho 
uecossity  for  anything  like  lengthy  descnptions. 

What  is  to  b«  iiaid  in  this  chapter  as  to  the  inttM*nal  strocture  of 
(he  Human  Brain  maybe  most  conveniently  ifroupiHl  under  tho 
follpwioff  hc-otlinffs: — (1)  Internal  Topography  ot  the  Xlnman 
Bmin ;  (2)  Distribution  ol  tho  Fihrps  compoainj?  tho  Ccrcbrnl 
Peilunclea,  vrith  an  account  (a)  o!  thoir  relation  to  the  Thuiumi 
and  Corpora  Striata,  and  (f')  their  reltitionii  (its  well  as  that  of 
KibroH  which  simply  isnno  from,  or  go  to,  the^e  great  Ganglia) 
with  different  parta  of  the  cortex  of  the  Cereliral  ilemigphcres; 
{'.I)  The  uiicroacopic  anatomy  of  theCorchral  Couvolntions;  (!)  The 
relations  of  the  CommiHdurca  of  tlie  Brain,  inclndtnf;  [n)  thoso 
connecting  Hiuiilar  re^^ions  in  tho  two  UeniisphereH,  {b)  those  con- 
necting ditfereut  reHions  in  the  same  Hemisphere,  and  (e)  thoAo 
brinf^ug  th»j  CereljeUum  into  relation  with  the  Curcbrul  Homi- 
fiph<<n.'«;  (■'»)  The  general  strncture  of  the  Cerebellum  and  its 
relations  with  other  parts;  (0)  Tho  mwroscopio  anatomy  ot  the 
Cortex  of  tho  Cerebullum ;  (7)  The  central  connections  ol  tho 
various  Cranial  Nerves;  (8)  The  relations  of  the  Visceral  System 
ol  Serves  with  the  Brain. 


1— Internal  Topography  of  the  Human  Brain, 

The  nature  of  the.*  lateral' and  other  Ventricles,  and 
tLe  relations  of  all  of  them,  except  the  fifth,  to  the  origin* 
ally  wide  canal  of  the  primitive  Cerebro-Spinal  Nerve 
Tube,  has  already  been  indicated  (pp.  207,  333,  338). 

The  Lateral  Ventricles  in  tbe  healthy  and  well- 
developed  Human  Brain  are  comparatively  narrow 
cavities,  represented  in  the  main  by  three  spurs  or 
'cornua.*  (Fig.  151.)  Tbe  arrangement  of  parts  in  and 
about   these    Lateral   Ventricles  is  essentially  similar  to 
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tbnt    mot   with    in    the    higLer    Apes,    iu    wbotu 
previously  much-talked   of   *  posterior  cornua '  exist,  at' 
well  as  the  small  swelling  (*  hippocampus  minor  ')  on  lU 

inner  side,  which  cortet- 
|K)uds  externally  with  tha 
calcarine  sulcns  (see 
304).  The  Corpora  Qui 
rigemina  and  adji 
structures  also  presei 
no  distinct  peculiaritic 

As  there  are  no  fi 
structures    met  with   in 
these  re^ons  of  the  Ha*; 
man    Brain,   no    specii 
description  of  its  intei 
topography     is     need* 
other  than  what  is  to 
gathered  from  figs.  151- 
Cornua.  with  c.«H«i.n.»  RtTiict.if«.   (Alter  153,  With  their  expUDi 

StMipey.)    The  nppcr  porUotu  of  tlie  Hcmi     ti'ons.        ThcSe    the  rci 
spbem  hBTD  beCB  cut  Aw«y;  the  Fi«niix  (r)         -i,     ,  ««  1  1 

bu  been  cut  mtvm  and  reflected,  so  u  to    Will  do  WCll  tO  StUOT,  and 

ilT^''Sril^*Tt'"'°'"'vf  ^^^^^  compare  with   figures  of 

gnat  voIdb  off  Oue»  which  cniircy  blood  owar  ^  ~ 

IKRB  tbacmtnU  pons  or  tl>e  Brain,  tnciudiuff  thc  Sftmo  parts  helonglDg 

the  Corprtni  Rtrijita  (fc   ;  a,  r,  p,  arr  the  thne  .  *      aI  1 

oomua  of    U»  Ventrtclw;  /.  Hlppocwnpua  ">      ^Ome      Ol      the      lOWCr 

major(to  ahow  which  the  bruin  rabatence  haa  animals  (fiffS.  86,  87,  115). 

beeu  ent  awar  atUl  ro.>re  on  tiie  right  afde);  _  r  1         -1 

h,  Ulppocaunpua  minor.  SomO       fCW      dctailS     COU- 

ceniing  the  stmcture  of 
the  Corpora  Striata  and  Thalami  will  moreorer  be  fooi 
in  the  next  section. 


2.— The  Distribation  ot  the  Fibres  Composing  the 
Cerebral  Peduncles. 

Serious  attempts  have  been  made  during  recent  j< 
to  nnravel  the  precise  course  of  thc  different  bands  of 
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fibres  which  pass  from  the   Spiual  Cord  into  the  Brain, 

and  rice  versa.     The  laborious  investigations  of  SlilUng, 

Lockhurt   Clarke,   Meynort  and  others    in   reganl  (o  the 

intimate  structure  of  the  Medulhi,  valualdo  as  thoy  are, 

will   he   but   little  referred    to    here,  because  they  have 

revealed    details    far   too 

complex   and  technical  to 

be  now  sot  forth,  and  also 

because    a    statement   of 

the  general   arrangement 

of  its  principal  parts  will 

be  all  that  is  really  neeil- 

fiil  for  the  carrying  out  of 

our  present  plan. 

The  intimate  strncturc 
and  distribution  of  fibres 
in  higher  parts  of  the 
Brain  is  a  study  of  no 
less  extreme  difficulty, 
which  in  recent  years  has 
been  dealt  with  principally 
by  Meyuert,  Luys  and 
Broadbeut.  Concerning 
many  points  these  ob- 
servers are  far  from  being 
in  accord  with  uno  an- 
other. The  views  of 
Meynert  on  this  difficult 
subject,  have  of  late  re- 
ceived   what    they   much 

needed  in  the  way  of  re-arrangement  and  clearer  exposi- 
tion from  Professor  Hugueniu  of  Zurich,  and  the  value  of 
his  work  has  been  further  enhanced  in  its  French  transla- 
tion by  the  incur|>aration  of  new  matter  contributed  by  its 


Fid.  ir.L'.-  Third  and  K>mrt!i  Vontriclcw  <•{ 
tho  Dmin  oxpo§ed  by  renioTAl  of  tho  'Telum 
Intorpuoitum '  and  furtbor  cuUtng  nway  of 
rerelir*!  Hcniis)iheros  and  portluns  of  Cero- 
y«Uum.  (After  SLurpoy.)  a,  Corpin  •Iriu- 
tura  :  f/j  ThalftDiii*  ,  c,  anterior  pilUm  o( 
Funiix ;  rf,  »uft  or  'middle  coirmi«»uro* 
stretching'  acrooa  UUrd  voDtrldo ;  ^  Piii«ftl 
Ixxly;  /,  /,  Corpora  quadriijotnlnft ;  n,  o. 
Huporior  Cereheajir  Peduncle  with  {h)  port  of 
tho  *Titlve  of  Vlmuaona*  lytDK^wtwewithom 
and  fomilng  the  roof  of  *}  tho  dmrth  vvu- 
trlde. 
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editors,  MM.  Duval  and  Keller.*     This  treatise  will 
repay  careful  study  by  tliosc  who  will  notLo  reju'llod  byil 
t4?cbnicalities,  and  are  capable  of  uuderstandiug  tbcni. 
Heema  ainre  than  doubtful,  however,  whether  Moiiiiert  ii 
rij^ht  in    Lis   general  point  of   view  as  to    the   separal 
representation  of  sensory  and  motor  channels  for  AnI 
matic  and  Voluntary  Movements  respectively.     Lnys,  ti 
addition    to    tho     opportunity    aflbrded    by    liis 
systematic  work,f  has  a^in  stated  bis  views  in  one  of 


Fto.  1&.1.— LoogltiidJnal  VorUcol  Boction  through  Uia  Left  HnuI>|iheK,  al 
the  I^tuntl  VontriLHo  uml  Ita  threo  Cornua.    (Sappay,  nttmr  Rbvchfidd.)    1,  t,  tnt 
snd  extra  TCDtrictilAT  portions  of  the  Corpus  t^irlatum  aepanlod  by  (M  a  ttratitni 
-wbiio  flhraa ;  4,  jiitctlun  of  Uio  bntly  i«f  tlio   Ventricle  wfthlta  'aiifiTlor  cnrnn' 
6,   'iKHrtezlor  comu';   6,  Hippocnmpns  minor;  7,  de»(tendtng  or  'luMdle  curau'] 
8,  nippocampiu  major  ntVL-rcd  bj-  (■•)  tlte  cbi>rotr1  plexiu ,  10.  acctian  of  tlta  i 
caUomim  :  11,  witorior  coanQltaurc  ;  15,  flacuro  uf  Sjrlvlna. 


the  volnmcs  of  this  series.  |     If  little  reference  be  made  to 
liis  opinions  in  this  chapter  it  is  partly  for  these  reasoui 
and  partly  because  the  investigations  of  Hntiidbent^  so  fii 
as  they  have  gone,  have  been  more  esj>ecirtlly  directed 
some  of  the  points  which  can  be  here  most  advantageonslj 

•  Anatomic  dea  Centres  Ncrveux,  par  Hiigneniii.  Piiris,  187!^. 
t  Stir  le  Systotne  Nervcwx  Cerebro-Spiual,  1J?'.}'». 
X  Le  Cerveaa  et  sea  fonctioas,  1876. 
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^HiRcassed — partly,  uioreover,  because  his  observations  seem 

Hk>  tho  writer  to  haTo  been  coi]dnct(*d  with  great  care,  and 

HpilHO   to    have    been    inLoqirettd    from    a    correct    Kencral 

Pbtniidpoint.    TbtiH,  thouj^h  tliL^  invcstigiititjus  of  Broiidljetit 

have   as    yet    only  been  published    in  abstract,  *  they 

will  principally  bo  cited   in   this  and   in   the   following 

sections. 

One  of  tho  most  fundamental  facts  in  rc^'urd  to  the 
structural  relations  of  the  Cerelmil  Ileinisijlu^rcs  and 
their  iVduncleH,  is  that  the  li'l't  Lulf  of  the  Jjmin  is 
specially  in  connection  with  the  right  half  of  the  body, 
and  the  right  half  of  the  Brain  with  the  left  half  of  the 
body.  This  arrangement  exists  not  only  in  Man,  but  in 
HpTertebratea  generally  (though  with  varying  degrees  of 
Completeness),  and  it  is  due  to  the  fact  that  tho  'ingoing' 
fibres  to  eacb  Cerebral  Hemisphere  come  from,  whilst  its 
'outgoing*  fibres  are  distributed  to,  the  opposite  half  of 
the  body. 

Speaking  in  general  terms,  it  may  be  said  that  the 
*  ingoing '  fibres  w  Inch  enter  the  Cord  and  Medulla  on  either 
side  throughout  tlieir  whole  length,  soon  cross  over,  as 
Bro\Mi-SeqnKrd  luis  shown,  to  the  opposite  side  of  these 
centres  ;  and  that  ihcy  thence  follow  an  ascending  course 
towards — though  they  do  not  necessarily  go  as  far  as — 
tho  Cerebral  Ilcmiaphere  of  the  same  side.  Similarly, 
an  important  section  at  least  of  the  '  outgoing  *  or  motor 
■^bres,  viz.,  those  forming  part  of  the  ^  anterior  jiyramids  *, 
^Becussate  with  their  fellows  in  the  ^It-dulla,  so  as  to  pass 
over  to  the  opposite  *  lateral  column  '  of  the  Cord.  Thus, 
\ven  allowing  for  tho  fact  that  some  of  the  Crnnial  Motor 
lerves  decussate  by  themselves  higher  up,  in   the  sub- 

"Tbo  Strtictnre  of  the  Cerebral  iremispbere,"  Jovmal  of 
ttnl  SV/r-iicr,  1870;  and  ulji(»"'riie  Construction  of  a  Nervona 
ritmn,*'  Ih'it.  Med.  Jotini-t  March  &  April,  1876. 
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stance  of  tLe  'pons  Varolii '  (fig.  154),  tlio  sites  in  wl 
decussation  of  motor  cbauneia  takes  place,  are  altogether 

limited  in  areA  when  com- 
pared with  what  obtains  for 
sensory  channels. 

The  longitadinal  fibres  of 
the  Spinal  Cord  arc  in  the 
maiu  divisible  (if  we  exclude 
those  s^^cially  in  relation 
with  the  Cerebellum)  into 
^  three  categories,  viz.,  (1) 
fibres  transmitting  'ingoing' 
currents  towards  the  Brain ; 

(2)  fibres  which  transmit 
'  outgoing  *    currents  ;     and 

(3)  fibres  of  a  '  commissural ' 
order,  serving  to  connect 
separate  groups  of  cells  or 
centres  in  different  parts  i»f 
the  Spinal  Cord  itself,  or  in; 
the  Spinal  Cord  end  He*] 
duUa. 

The   Spinal   Cord   being,, 
moreover,  a  bilaterally  sym- 
metrical  organ,   the  groups 
of    cells   above    referred   to 
pon».fr«iyo«u«ctodw*ihoi««oui«r  ^^  similrtrlv  represented  io 

by      triMwvpnie       (."omtnuaiirai      nuros.  "^        * 

S. 8'. motor  fibrcft  from CMrpusBtrintum.     each  half  of  it  (fig.   19)  ;  and 

the  similar  Motor  and  Sen- 
sory regions  of  these  two  halves  of  the  Cord  and  Medulla 
are  to  a  considerable  extent  brought  into  structural  rulotioi 
with  one  another  by  means  of  iniiiierous  trausve*- 
missural '  fibres. 

The  first  two  sets  of  longitudinal  fibres^  \ 


Fig.  Vt4.  —  Dlu^fraiti    illuatnitluy    Uio 
place    AIKI      tlKHld     of     '  (IcctiMwtioi) '     of 

Motur  Hbrw  lii  llu-  Medulla  and  In  the 
Poan.  (UroftdUnt.)  B,  fi',  tvra  suU  t>t 
liiiitel  uf  tincliial  plexus,  not  von- 
mctc'l  by  tnin^vcrM  couiiatMtirci ; 
O,  O*.  two  seta  uf  uciilivnuitor  nuclei  in 
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to,  pass  on  each  side  iu  compact  columns  thiougU  tho 
Medulla,  aud  through  that  contiuuatiou  of  it  which  is 
croHsed  by  the 
'middle  peduncles' 
of  the  Cerebellum 
(viz.,  tho  pons 
Varolii).  Beyond 
this  point,  both 
sets  of  fibres  of 
the  ouo  side  di- 
verge from  those 
of  the  other  (fi^. 
154)  80  us  to 
form  what  are 
known  as  the 
'Cerebral  Pe- 
duncles,' These 
parts  are  sor-n  on 
the  tinder  surface 
of  the  brain,  es- 
pecially when  the  Fw.  l^.-On  rlglit  ^Me  (.b..wi.  pliUio  f»f  ribn!»  luider- 
tins  of  the  lYin-  ly'^tl  tupcr&ciul  co&volutiivia  uu  inferior  Miwct  uf  Tcm- 
*  iwirul  Lobe,  ADil  ft^trmliitf  the  Hi>i'r  uf  Uusc(>iidlu|{  Comu. 

poral  Lobes  are 
drawn  outwards 
or  removed  (fij^'. 
155.  re).  Each 
Pednucle  soon 
disappears  within 
tho  corresponding 
rebral  Hemi- 
►bero,  and  then 
■"»  'v>ursc, 


The  Comu  tuu  beeo  opened  uiti>rir»-|y,  and  flhrce  («  xf 
from  th«  apoxot  the  lobo  to  Iho  oxtru-TvutrlcuLur  <.'or- 
IittM  Striatum  mm  MMn.  On  the  left  Hide  of  flgtiro,  tbo 
difiiwtitian  tuu  beeti  cftrrtod  further,  aiid  tbo  Opttc  Tract 
bmi  bo«a  nmovod.  rr,  Cnim  Cerebri,  rr,  CruittA.  rf, 
Kibm  of  Teffraontnm  (luid  from  Ihttlaniite)  tumloK 
ruutid  luttoricr  olgu  uf  Crunta.  (A,  Tail  of  TlinlHOiuH, 
tuntitii;  round  |»>tfilcriur  cilf u  of  Cruita,  (umilntt  M'ollnr 
frf  CrUB.'  end  di»tribnting  fllirc*  tn  Kylrl.in  nur^ii  of 
Tctiiporal  Itobo.  tk'  and  «z',  Fibres  frotn  Tbahmias  Knd 
oxtm-Tentrioubir  Corpiw  Striatum  respectively  to  Ou- 
olpiul  evtrcinlty  of  HeRilttpbere.  The  lonfrlliidliirtl 
fll>n;«  not  iiidtcntad  by  letters  belong  chiefly  Xq  the  »)-*. 
tern  uf  Oie  Gynie  I'liL-iiiatiiR.     (Droadbent.) 

'tuent  fibres,  can  only  be  miule  out  by 
IS.     It  spreads  out  rapidly  into 
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a  fan-liko  expnnsion,  the  'corona  radiufa,' the  etlges'oi 
tbc  ftm  beiug  directed,  as  Broudbent  bavBi  *'  fotwaiils  aud 
bnokwnrds,  the  surfaces  inward  and  outward,  hut  slopiii>i; 
outwards,  so  that  the  outer  surface  looki=i  dov^nwardft^  and 
is  concave,  the  inner  looks  npwards,  and  ia  convex.'* 

Od  cutting  across  one  of  the  Peduncles  is  frout  of  the 
Pons  it  is  found  to  be  separated  into  two  hiyers  of  fibres 
by  a  grayihU  Mack  streak  of  ganghouic  tissue,  knowu  aa 
the  *  locus  nigcr/'  Looked  at  from  the  under  surface,  the 
most  Fuporiicial  stnitum  (that  is,  the  under  and  anterior 
stratum  in  the  nuturul  posiliou  uf  the  Bruin)  is  known  as 
the  '  Crttsta,'  and  is  made  up  of  white  fibres.  It  doubt- 
less consists  of  the  bulk  of  the  outgoing  fii)res,  which 
lower  down  are  clustered  together  into  the  '  anterior 
pyramids  '  of  the  Modolla,  together  with  other  tibrea 
tenuinating  in  'motor'  cell-groups  in  the  Pous  and 
Medulla,  Mixed  with  these,  in  all  probability,  are  fibres 
which  suflSce  to  connect  the  Corpus  Striatum  with  the 
Cerebellum  through  the  iutennediatiou  of  its  '  middle 
peduncles.'  The  deeper  stratum  (that  is  the  upper  and 
posterior  parts  of  the  Peduncles  in  the  natural  positiou 
of  the  Hrain),  constituting  what  is  known  a«  the  '  T^f;- 
utt^ntmn,'  is  not  so  white  in  colour,  aud  seems  to  be 
mainly  composed  of  'ingoing*  fibres  derived  from  the 
Cord  aud  Medulla. 

"  Tlio  Crusta  and  Tegmentum/'  Brondbent  aaya,  "can 
be  separated  from  each  other  for  some  distance  upwards, 
as  they  spread  out  to  form  the  fan -like  expansion  spoken 
of;  but  before  they  emerge  from  the  central  ganglia  the 
fibres  of  one  sink  in  between  those  of  the  other,  and  thcj 
become  mixed  together,  so  as  to  be  no  louger  distinguish- 
able/' 

*  Its  coloar  beiug  dae  to  the  abiimiance  of  pigoicut  gmoulca 
contained  witbiii  thu  large  uerve  cvlU  uf  this  regioo. 
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rt.    lii'lation  of  the   Cerebral  Pcdnncks  to  the  Central 
Gantflia :    lltalami  and  Corpora  Striata, — According  to 


I         last 

■bin 


Pio.  ISfi.— Conlrul  (JnnjUa  of  the  Bratti,  u-gcihtir  wiih  the  Cerebellum  *Dt]  Its 
8ii]M)rLur  PuiIuiicIuh.  •Hiippcy,  artur  HintchfeM.)  1,  Oorputm  qiitulrlgcnlna; 
2,  Viilvc  of  VieuB>H*n«:  3,  sMperior  Ccnilwllnr  rvdunclc*;  4,  iipiHir  port  of  tho 
tutiMlo  Corel*nAr  IVdUnclvJi :  5.  ufjicr  psrt  of  llio  Ccirliral  Pednticloii;  S,  UUral 
(rnfDV«  uf  the  Isthmus;  7.  ribbuu  of  R«U;  S,  ooM  oxlatuMnx  trvm  the  'CcptU'  to 
tl(0  iuleni.tl  'gOufcuLito  body';  9,  culiimn  of  the  VaIvc  of  VluiiaiH>iia  :  ID,  grvy 
LtmetU  of  the  mudo  ;  11,  posterior  flbroB  of  tha  tiiaiu^lnr  buodlo  of  Ibo  iRtbmiu  ; 
I'i.  upper  fibroA  uf  tnijdic  CorobcllAr  Podiuictcs  ;  13,  white  rcntro  of  tho  Ccrcbclhim ; 
H,  ^nsyrh'jmlH  tdiil  iitietvitxof  Cercliolluni :  15, '  {Mmterior  conitnlfwurn'  of  Ccrcbnim  ; 
Ifr,  |MMlutu:U-«  of  the  TlnfJil  IxMly' :  17,  *  Klixal  Itodjr*  ttirufil  forwiirdH  w>m  to  Hbaw 
bi<it  two  ntniclunni ;  18,  poxterior  tiilperulo*  uf  the  Thilmui ;  I'J,  nnterior  tuhorcles  of 

nie:  '»,  T..'iila  ivmlclrcularti :  "iX,  veins  of  tho  Corpim  BtTliitum  ;  i'i,  anterior 
nn  <jf  the  I-Vcniir.  butwn>ti  whi<b  tbo  '  luitorior  ouiumUauro  '  is  mnid;  33,  Corjnui 
Btrlatum  :  34.  Septum  Lucidum  nwd  '  AfUi  vmiirido.' 


the  above-quoted  anatomist,  "  The  Thalamus  and   Cor- 
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pus  Striatum  may  be  suid  to  sit  astride  the  posterior 
and  anterior  edge  respectively,  of  the  fan  formed  by  the 
Cms  as  it  expands,  each  having  an  intra-ventricolar  and 
an  extra-ventricular  division.  The  Thalamus  is  much  tho 
smaller  of  the  two  gan<rlia,  and  may  be  said  to  be 
embraced  by  the  Corpus  Striatum,  which  is  also  on  a 
rather  higher  level.  Both  in  structure  and  in  their  relations 
with  the  cms  on  the  one  hand,  and  the  convolutions  of 
the  hemisphere  on  the  other,  there  is  a  remarkable  con- 
trflst  between  the  Thalamus  and  the  Corpus  Striatnm." 

The  Thalamus  consists  of  an  admixture  of  fibres  and 
grey  matter,  and  has  a  whitish  colour  on  the  surface — 
distinctly  contrasting  with  the  greyer  tint  of  the  Corpus 
Striatum. 

By  far  the  larger  part  of  the  Thalamus  seems*  to  pro- 
ject into  tho  '  lateral  ventricle  '  as  it  ''  rests  upon  the  teg- 
mentum of  tho  cms,  from  wliich  it  can  be  raised  from 
behiudi  forwards  and  upwards,  the  diverging  fibres  of 
this  pari  of  the  eras  appearing  to  pass  onwards  beneath 
the  ganglion  without  ending  in  it,'*  But  as  BroadbeDt 
farther  remarks : — "  It  is  possible  that  oommunicatioB, 
by  means  of  cell  processes,  exists  between  the  radiating 
fibres  and  tlie  overlying  ganglion,  bringing  tbem  into  a 
relation  equivalent  to  the  direct  terminalion  of  fibres 
and  cells.*' 

The  portion  of  the  ThaUmas  thai  actually  has  the  ap- 
pearance of  lying  outside  the  ventricle,  eoastBts  "  only 
of  a  prolongation  from  the  body  d  the  ganglion  which 
bends  roand  the  posterior  ed^  of  the  ems,  and  earrea 
forwards  in  the  roof  of  lbs  deseending  eornn  of  the 
lateral  vcnindcr  beeoaung  poittted  anterioriy.'* 

The   Oofpos  BIHataB  is  divided  into  two  distinct! 
fStis  by  the  radiatiiig  Bhns  of  the  Cras   which 
«  Sfc  fip.  359. 270  acta,  «ad  %  ISi. 
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through  it.  **  The  intra-ventrlcukr  portion  cousists  of  a 
deposit  or  bed  of  soft  ffrey  matter,  not  iutcrmixed  with 
(listiuct  fibres  visible  to  tbo  naked  eye,  thicker  and  wider 
anteriorly  in  tbo  anterior  comu  of  the  ventricle — narrow- 
ing to  a  point  posteriorly.  It  rests  upon  the  radiating 
fibres  of  the  tegmoutaiu  and  thalamus  which  pass  on- 


CMS 


Vui.  1S7.— TmniTorse  aootioa  of  the  Cerabniin.  Jnrt  bdiLnd  iDfuudibuUitn. 
8  V,  lutra-TDnlrioulju-.  and  8X,  EKtm-vButricnIar  CoriMis  Striatum.  TA,  Thulomua. 
re,  Cnuta,  u)d  r  t,  Tegmontum  of  Cnu  Curubrt;  R,  Ridi«tiiig  oxpoDslon  of  vrbita 
fltinw  ('corona  rndluU');  rn,  rl,  nii<l  K  ti^futlicr  fvnn  what  h&a  been  coUod  tbo 
'internal  ckpnulo'  of  tlio  Lenticular  Niiclcits.  Cx,  * oxtonuU  capmUfl'  [Including 
the  CUuitnim) ;  C,  C'urpun  Cnllosuin -,  F8',  Ptsmin  of  Sylvius;  L  H  G,  LuDKitudlnail 

llAi^DiU  Gynui.  SUU,  S  M  U'.  SylvMO  MiuvlUAi  Ujnu; ,  indlcnto  Iluoa  nf 

derimtUni  gf  fltircs  of  Corini«  Stiiiitiim  ;.■..,  FIVjm  of  dislribtitloii  uf  TbnlAmui. 
bent.) 


L         derinit 

^"^rd 

,      the 


trds  beneath  it  to  the  hemisphere  proper."  Between 
the  bundles  of  radintinfr  fibrefl  this  upper  and  anterior 
>rtion  ifl  continuous  with  the  lower  and  outer  *  extra- 
mtricnhu*  *  portion  of  th*^  Coi-pus  Striatum,  which  is  more 
j  bulky  than  the  part  already  descril)ed,  though  it  is,  like  it, 
I      also  lar<Ter  in  front  than  behind.     It  is  a  somewhat  pear- 
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within  by  the  radiatintf  fibres  of  the  Crus  {^inUmal 
capsule ') ;  and  externally  (fig.  157,  C  x)  by  a  thin  Htratam 
of  fibres  (*  t\vt(fnntl  copsult] ')  issuing  from  its  interior  for 
(lisirilmtion  to  various  regions  of  the  Ilemisphero,  thougl 
formino;  in  the  first  part  of  their  course  to  the  convolu' 
tioua  (together  with  some  other  fibres  from  the  *  fasicaluf 
nncinatua'  to  be  hereafter  descril)cd)  an  enter  wall,^ 
serving  to  separate  this  inferior  portion  of  the  Corpai 
Striatum  from  the  immnJiatoIy  adjacent  convolutions  of 
tlie  *  island  of  Reil ' — the  situation  of  which  has  bccul 
already  defined  (see  pp.  HOI,  341,  381). 

b.  lit'httimis  of  fihif's  composing  the  Ct'Vehral  PrdnncU 
a»  well  (18  of  fibres  itssning  from  or  (foitifj  to  tht*  Centre 
Gomjlia^  with  diffcrt'nt  ConrohUionn  of  thr  Cfrrhral  NcmU 
fipherrs. — It  is  easily  to  be  demonstrated,    according   taj 
Broadbent,  that  '*  fibres  of  the  crus  in  large  numl»cr8  pasi 
uninterruptedly  through  or  by  the  Central  Ganglia  to  tbaj 
Convolutions."     And  he  adds,  **  lu  the  case  of  the  fibreaj 
of  iho  posterior  edge  of  the  Cms  there  is  scarcely  rooi 
for  error  on   this  point,  as  (hoy  do   not  come  at  all  intol 
relation  with  grey  niattur  on  tlieir  way."* 

Other  fibres  of  both  '  tegment'  and  *  cmst,*  seem  to  end' 
in  or  take  their  origin  from  the  grey  matter  of  the  CorpoB 
Striatum,  thongh  l^roadlicnt  is  inclined  to  believe  that 
•*  no  fibres  of  either  dinsion  end  in  the  Thalamus."  t 

From   both   Thnlamns  and  Corpus  Striatum,  however, 
many  independent  fibres  appear  to  issue^  which  serve  t< 
connect  these  ganglia  with  Convolutions  in  differoni  pai 

♦  Some  of  these  fil)r<!»  which  merely  pass  tlirough  or  by  tl 
Central  Ganglia  may,  iis  cortain  aimtoniiHta  nuppoac,  aerve  to  coi 
noct  the  Cerebral  (.'dHox  wiili  iho  CfrebuUutn,  by  way  of  il 
'  miditle  pLnluuclud.* 

f  This  aecma  a  very  doiihtful  prn[>osition.     The  nTi:iU>mii>ul  reWi 
tioua  of  the  ThaJumi  are,  however,  us  yet,  oa  uucertaia  us  are  tbcii 
funetioniL 
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of  the  Hoinispberes.'  TheKe  two  sets  of  fibrca  do  not 
proceed  to  the  gi'cy  matter  of  the  Couvolutions  separately, 
but  are  for  the  most  part  inextricahly  mixed  with  those 
fibres  of  tlie  Poduiicle  (above  referred  to)  which  pass  unin- 
terruptedly through  the  Central  Ganj^dia.  Outside  these 
bodies,  moreover,  all  three  sets  of  fibres  become  further 
intermixed  with  those  of  the  great  transverse  commissure 
between  the  heminplieres — the  Corpus  Callosum. 

Bat  some  further  account  must  be  given  of  the  course 
of  these  tiireo  sets  of  fibreB — answeriuf^  to  tho  'projection 
system  '  of  Mcynert,  Their  mode  of  distribution  is  neces- 
sarily u  matter  of  gi-eut  importance,  if  any  coherent  notions 
are  to  bo  formed  even  as  to  the  simpler  modes  of  action 
of  tho  Biaiu.  The  reader  out^ht,  therefore,  carefully  to 
study  the  particulars  given  below,  making,  as  he  proceeds, 
frequent  references  to  those  figures  iu  which  tho  relative 
position  of  the  Convolutions  alluded  to  may  be  seen.  The 
substance  of  Broadbent's  description  is  subjoiued.f 

The  fibi-oa  of  Chip,  Thaliimus,  and  Corpua  Striatum  always  rnn, 
more  or  less,  iu  company  with  one  uiuthcr  to  the  same  parts.  Fur 
brevity,  they  may  bo  spoken  of  as  *  radiating '  fibres. 

(But.  wherever  '  radiating  '  Bbres  go,  tliither  also  go  Bbres  of  Cor- 
pua Callosum — though  not  uccesaarily  iu  tho  same  proportion.  Thus 
it  happens,  that  tboso  ConvoUtionn  in  which  *  radiating'  tibrcti  ter- 
minate or  comiuuuoe.  are  also  liluterally  a880citit4.-d  Ihmiigh  tlie 
Ct3rpu8  Calloflum,  and  are  thereby  fitted  lor  conjoint  uctivity.) 

These  *  radiating '  and  *cal1osid  '  fibren  are  not  distributed 
equally  to  nil  the  Convolutions.  Muny  of  tbe  latter  do  not  receive 
a  single  tibre  from  Crus,  Tbatamus,  Corpus  Striatum,  or  Corpus 
Callosum,  but  have  only  an  indiract  commuuicatioa  with  the  cea- 

*  Broadbeut  says  ("  Jonrn.  of  Ment  Science,"  A  p.  1870,  p.  P): — 
"A  comparison  again,  of  the  sectional  area  of  the  Hbrcs  thus  seen 
issuing  from  tho  Central  Ganglia  with  tho  area  of  tbe  Cms  as  it 
emerges  from  under  the  Puns,  will  show  that  the  ascending  iibroi 
have  been  largely  reinforced  by  additions  from  the  Gauglia." 

t  "  Brit.  lied.  Juurn.,"  April  8,  \H7iJ,  p.  -133. 
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tral  ganglia  or  great  comiuiaBare,  bjr  mpana  of  looped  Rhrca 
it]j7  to  them  from  Convolutions  which  are  directly  connected 
*  rudiutirg  '  and  '  oallosal '  fibres. 

Tlie  following  summary  sUitements   made  by  Broad- 

beut 


in 


refjard  to  the 

'  cftllosal 


exact  distribution  of  the  '  radiut- 
iug  *  and  'Cftllosal*  fil)res,  and  ag  to  the  Convolutions  to 
which  they  do  not  proceed,  will  be  found  to  contain  im- 
portant pafticulars. 

"The  coaroIutionB  to  which  the  radiating  and  cnllosal  Bbres  go, 
are  chieHy  those  along  the  margins  of  the  Hemispbere:  the  mugio 
of  the  great  longiludinal  tisaiire  on  one  band;  the  m:Lrgina,  sope- 
rior  and  inferior,  of  the  Sylvian  fiwsnre  on  the  other,  ccntinaed 
forwards  by  the  inferior  frontal,  backwards  by  the  inferior  occipi- 
tal gyri,  to  the  frontal  and  occipital  extremities  of  the  Uemispbere 
respectively,  which  are  well  supplied;  the  free  margin,  again, 
formed  by  the  hip(K>cuinpuB  major.  To  theHe.irust  be  added  the 
ascending  convolutions  on  each  side  of  the  sulcus  of  Rolando, 
named  ascending  frontal  and  parietal,  or  sometimes  anterior  and 
posterior  ascending  parietal;  and  perhaps  the  second  frontal 
Callosal  fibres  pass  more  abundantly  to  the  margin  of  tiie  loQgi< 
tudinal  6s»ure;  radiating  dhves  to  the  Sylvian  border  of 
hemisphere." 

The  Oonvolotions,  on  the  other  hand,  which  receive  no  *  radiatmg 
or  *  cullosal '  Hires  are  "  alt  those  on  the  flat  internal  anrface  of  the 
hemisphere,  those  on  the  inferior  aspect  of  the  temporO'Sphenoidul 
lobe  and  orbital  lobule,  the  convolutions  of  the  island  of  Reil,  and 
those  on  the  convexity  of  the  occipital  and  parietal  lobes  not  near 
either  margin,  as  far  forwards  as  the  apcending  convolution  which 
lies  behind  the  sulcus  of  Rolando."  Bmadbent  adds: — *'lt  may 
seem  less  strange  that  there  arc  convolutions  without  central  or 
callosal  tibres,  if  we  recollect  that  nowhere  do  theae  jib rrt  pats  to 
the  ffrt^ij  mntifT  ttithtn  thr  sttJci,  hut  only  to  the  ercata  of  ihs  ^rn 
«o  thai  hj  far  the  gretiier  part  of  tliC  corttijo  i«  without  tiuTtn,^* 

The  same  investigator  also  says  : — "  The  statement  tliat 

the  fibres  of  the  Crus,  Thalamus,  Corpus  Striatum,  and 

Corpus  Calloanm  always  go  together  to  the  same  oonroln- 

tiou,  may  appear   to  go  beyond   what   is   demonstrablO| 

•  Loc.  cit.  p.  433. 
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seeirg  thut  they  are  so  mixed  up  as  not  to  "be  trnccnble 
8ei)arutely ;  and  it  ia  not  qnilo  wlwit  might  have  been 
expected."  At  certain  parts,  however,  as  Broadbent 
points  out,  a  triple  if  not  a  qimdrupln  mode  of  supply  is 
easily  shown,  and  in  illustration  ho  cites  the  following 
facts  *  ; — 

The  tihres  which  puss  to  i\w  tip  of  the  Occipital  Lobe  from 
three  of  these  Bourcea,  viz.,  Corpua  StriHtum,  Thalamus,  and  Cor- 
pus Callosaro.  form  diBtinct  matiGea  at  their  point  o(  departure, 
and  only  blend  with  one  another  near  their  tcnninatiuu  in  lh« 
CoDVolutious. 

A  similarly •inUcpeuilcnt  coujrnuuicution  exinia  with  certain 
Convolutions  bo  situated,  that  in  order  to  reach  them  fibres  of 
one  or  otlier  of  the  three  orders  in  qiieiitiun,  have  to  take  an  extra- 
ortlinary  course.  Thus,  the  Convolutions  o(  the  anterior  extremity 
and  of  the  upper  inarj^in  of  the  Temporal  Lobe,  are  directly 
connected  with  (1)  the  adjacent  Corpus  Striatum,  by  fibres  which 
stretch  across  the  fissure  of  Sylvius;  (*2)  the  fibres  of  the  Thala- 
mus, to  the  same  convolutions,  are  given  off  from  that  part  of  it 
which  bends  round  in  the  roof  the  descending  comu  of  the  ven- 
tricle, whence  these  utfcrent  fibres  di6fu8e  themselves  so  as  to  reach 
the  Convolutions  in  the  regions  specitied;  whilst  (3)  the  '  commis- 
sural '  fibres  for  these  sumo  parts  are  chiefly  represented  by  those 
of  the  Anterior  Cummiasuro,— which  from  a  functional  point  of 
view,  IB  to  be  regarded  as  a  detached  portion  of  the  great  trans- 
versa  commiHsuro  or  Corpus  Callosum.  The  *c<:inimi8sural' fibres 
are,  however,  also  representeU  by  certain  anterior  fibres  of  the 
Corpus  CuUoanm  ittjclf,  whieh,  near  the  anterior  perforated  space, 
cross  to  the  apex  of  the  Temporal  Lube 

Even  more  extraordinary  is  the  separate  course  taken  by  those 
of  the  three  sets  of  fibres  to  which  we  are  referring  that  happen 
to  be  in  relation  with  the  Hippocampus  Mujor.  This  stractnre^ 
Broadbcnt  says* — "is  in  communication  with  the  Corpus  Striatum, 
at  its  uncinate  extremity;  with  its  fellow  in  the  opposite  hemi- 
sphere by  the  refiect«d  part  of  the  spleuium  corporis  calloai, 
which  I  have  called  the  commissare  of  the  hippocampi  ;'f  but  its 

*  Loc.  cit.  p.  4nn. 

t  Corresponding  with  the  '  psalterial  fibres  *  already  referred  to 
in  a  previous  cbupt>  r  (pp.  273,  274). 
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•iiuattoa  on  llie  oulor  side  of  tho  great  traniTense  fissnre  of  tl 
hnnn  eoems  to  cut  it  off  from  the  Tlialninns.  The  fonnrttion^] 
lioweviT,  is  eflectetl  by  the  fibres  of  the  Fornix,  which,  a«  is  w« 
known,  ariMe  from  the  Thulamiis.  mttke  a  fi^iire-of-S  turn  in  i\ 
corpora  ulbioantio,  then  take  the  circuit  upwards,  and  t)ieD  bad 
wards,  described  by  this  body  [,*.«.,  the  Fornix],  and  paiis  to 
Hipjxtcampos  ia  the  ta^uio.'* 


3.— The  Microscopic  Anatomy  of  the  Cerebral  Con* 
volutions. 

It  Los  been  already  stated  that  the  Convolutions  difler 
much  a8  regards  their  rnlations  to  one  another,  to  the 
Central  Ganj^lia,  and  to  the  fibres  of  the  Cms, 

All  the  GonvolutiouB,  however,  present  eertain  common 
churacters.     "VV^bon  a  section  is  made  through  either  one 
of  tlu'ia   iu  a  direction  trauBvcrse  to  its  Ion<^  axis,  a  stei 
or  projection  of  white  matter  is  seen  continuous  with  tl 
'  white  substance  *  of  the  hemisphere.    External  to  thi 
white  substance,  a  superficial  layer  of  Grey  ^fatter  exist* 
having   an  arerai^'O  thickness  of  about  one-fourth   of  ai 
inch,  which  is  coniinnous  over  the  whole  external  surfii 
of  the  Hemisphere — since  it  lines  the  '  sulci '  as  well  as 
tlift  Convolutions  (fif;.  158). 

This  layer  of  cortical  Grey  Matter,  has  a  greater  depth 
over  the  frontal  and  parietal  than  over  the  occipital  con- 
volutions. ItH  Bpecilic  gravity,  ruoreover,  varies  in  these 
situations,  being  often  three  or  fonr  degrees  higher  in  th< 
occipital  than  it  is  in  tho  frontal  rejiion  (1032  :  1028)- 
whilst  that  of  tlie  parietal  convolutions  is  more  or  lei 
intermediate. 

In  the  grey  matter  of  the  Occipital  Lobe,  es]>ecnilly  thai 
of  the  Convolutions  of  its  inner  and  inferior  surface,  a  dis 
tinct  himiuation  is  generally  v<;ry  apparent,  cither  to  ihi 
naked  eye  or  with  tho  aid  of  a  jKJcket  leua.    These  ooi 
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▼olations  were    examined    and   originally   described    by 
Lockhart  Clarke •  in  1803. 

Ho  obserred  the  divergence  of  bundles  of  fibres  in  a 
fan-like  manner  from  the  central  stem  of  white  sabstauc(% 
and  their  passage 
between  long  Tor- 
tical  groups  of 
nerve-cells  aitu- 
Ated  in  the  deeper 
grey  layers  (fig. 
159).  Sume  of 
the  fibres,  he  be- 
lieved, were  con- 
tinuous with  the 
processes  of  the 
cells,  whilst  others 
turned  round  and 
pursued  a  hori- 
zontal course 
(either  in  a  trans- 
verse or  in  a  lou- 

gltUUlUuI        Uirec-  p,^   ^^^     Trawrerae  neclion  tbToiijrh  antcHor  rort  uf 

tiotO*       Xho      bun-  ^"'^  PnniUJ  Lobe,    >l]owtng  nhttpn  uf  C«>iiT<'>1iitlMt>ii  anit 

..             e     £1  rolttUfc  Uiicktiou   of  Qrvy   Walter.     «.   Third   fronlul 

(lies     OX     nbreS    in  CnnvulitlbHi.  »  mtgnlflcd  Mutiun  ot  wblcb  U  sbowu  lii 

this    manner    be-  "w  next  figuw. 

come  reduced  in  size,  and  at  the  same  time  the  com- 
ponent fibres  become  finer  as  they  approach  tlio  surface — 
apparently  in  consequence  of  the  branches  which  they  give 
oi\\  in  their  course,  to  contiguous  nerve  cellrf.  "When  they 
ive  at  the  third  layer  from  the  surface,  they  "are 
[uoed  to  the  finest  dimensions,  and  form  a  close  net- 
rork  with  which  the  imolei  and  cells  arc  in  conneclion." 
The  two  layers  superficial  to  this  are  paler  in  colour  and 

*  Proeeed.  of  Royal  Society,  vol.  »ii.  p.  716. 
•>0 
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ment  of  tho  constitaents  of  these  lavers,  as  Been  in  a 
section  through  the 
'  thin]  frontal '  con- 
volution (fig.  159). 
Quite  recently, 
moreover,  Bcvan 
Lewis  and  IT.  Clarice 
have  deRcribcd  a 
very  si niilar  a rrau  Ye- 
meni of  nerve  ele- 
ments in  tho  *  as- 
cending frontal'  and 
other  adjacent  Con- 
volutions. Their  pa- 
per is  accouipauied 
by  excellent  illus- 
U'ations.* 

Tlioy  givf  Iho  follow- 
ing deacri[itioo  of  the 
five  layers  of  the  'as- 
cending frontol  *  —  be- 
ginning with  tlie  most 
iinperficial,  Tho  first 
is  a  delictit«  friable  stru- 
tarn  ccihtjiining  no  real 
nerve  elemenU.  It  is 
made  np  of  the  nitnal 
network  of  'neuroglia* 
with  doely  granular 
matrix,  in  which  arc 
distributed  numerous 
small        nuclei        and 

Fict.  100.— Lars*  Pyramitlii]  CoQ,  wltb  It-s  pr<)ceMCi,  fmin  fuurth  Uyer  ^4  I'orlloU 
Orry  UAUnr-HrMstUod  'GUnt  Cell.'  (Ouirent.)  a,  llody  ut  Ihu  Cell  tapcHutf  nwny 
toto  A  tiruicbed  pfTomidal  pntluni^ntlun  ;  t,  lU  Imiial  ppjluiiifntlciit  which  oumg  tn(o 
reUtkm  wiib  (<-),  lb«  white  fibre*  of  ibv  Convi>lutluD  (higlily  n»gitlfiocl>. 

•  Proceed,  of  Royal  Society,  1878.  p.  38. 
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branched  connective  tissne  cells.  The  Moond  Uyer  has  abniii 
■ame depth  as  the  first;  to  the  naked  eyeit  l!iappHrenta«ared<diA 
grey  band  abmptly  marked  oflf  from  the  pale  layer  beneath  it. 
microscopic  examination  it  is  found  to  consist  "of  a  »eri« 
cloHcly  ngf^regated  pyramidal  and  oval  cells  of  nmall  sia^ 
apical  proceeseH  are  arranged  radially  to  the  aurface  of  tlio  corte 
Numerona  other  processe*  ariao  fr(jm  the  basal  onglea,  and  radia 
ontwards  and  downwards  frona  the  cell,  including  an  extenaiTe  a: 
in  their  distribution."  Each  of  theae  colla  contains  a  large  nn 
of  ronnd  or  pyramidal  form.  The  third  layer  is  aboat  thre«  ti 
as  broad  as  the  lant  and  contdinH  nerve  elements  of  precUelj  1 
Bume  kind  except  that  they  are  larger  and  not  nearly  so  closely 
packed.  The  cells  seem  uniformly  to  increaae  in  size  from  above 
downwards,  and  in  the  lower  part  of  this  stratum  they  are  two  or 
three  times  as  lar^e  as  those  of  the  second  layer.  This  sluUrment 
is.  however,  subject  to  the  qnalilication  that  some  smaller  cells  exiit 
throughout,  interspered  amougut  those  of  larger  size.  The  fourth 
layer  is  not  radically  diflercnt  from  the  last.  It  has  only  al>ont 
one-third  of  its  depth,  and  diifera,  moreover,  by  reason  of  the  giTSl 
increase  in  the  size  of  its  cells — otherwise  similar  in  type  In 
consequence  of  their  considerably  superior  size  these  cells  appear 
to  be  more  closely  packed  They  are  on  an  average  about  three 
times  as  long  and  broad  as  those  of  the  third  layer.  Interspersrd 
between  them  are  a  nnraber  of  small  angular  cells:  and  in  certain 
portions  of  this  '  frontal  convolution '  the  small  cells  alone  exist  as 
representatives  of  the  fourth,  layer — the  above  described  Isrgv^  or 
Bo-called  'giant  cells,*  being,  in  these  parts,  wholly  absent.  The 
fifth  layer  is  again  much  broader  than  the  fourth.  It  contains 
irregularly  fiisifurm  or  apindlc-ahajied  cells  of  a  smaller  and  pretty 
uniform  size,  often  arranged  in  irregular  columns  owing  to 
interposition  of  the  bundles  of  medullary  fibres  which  ascend  from 
the  subjacent  white  matter. 

More  recent  obsenraliona  still*  have  shown,  (1)  that  in  many 
other  portions  of  the  Cerebral  Hemispheres  a  six- rather  than  a 
five-laminated  Cortex  is  found  —  the  adJilional  stratum  in  tb 
six-laminated  regions  Iwing  produced  by  the  iater]>06ition,  betw 
the  above  descriU'd  *  third  *  and  *  fourth  '  layers,  of  one  containin 
*•  small  pyramidal  and  angular  cells":  (2)  that  the  five-Iaminuto 

*  Sec  Bevan  Lewis,  "  Oa  the  Comparative  Stmoture  of 
Cortex  Cerebri,"  Proceed,  of  RoyaJ  Soc..  June,  1879,  p.  23i. 
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type  of  Cortet »«  most  distinct  in  those  parts  of  the  frontal  and 

parietal  convolutions  which  confltitato  the  oxcitahle  or  so-called 
'motor  area'  of  Ferrier  (seep.  57.'»),  though  in  by  far  the  largest 
part  of  the  Hemispheres  the  convolutions  have  rather  a  six- 
laminated  type:  (3)  that  in  the  tive-laniinated  regions  the  ao» 
:nllecl  •gtunt-cells'  of  the  ftiurth  layer  have  genemlly  a  tfrnnpcd  or 
clustered  arruDgoincnt,  owing  to  these  budit:s  existing  in  irregular 
nggn^gationa  (the  *  nests*  of  Betz);  the  principal  exception  to  this 
lying  in  the  fact  that  at  the  bottom  of  the  'sulci'  (where  the 
grey  layer  has  also  less  depth  than  at  the  summit  and  aides  of 
the  ConvoIutionF),  even  in  those  regions,  such  lui^e  cells  are  dis- 
posed in  a  regular  but  solitary  manner,  so  that  in  verticiif  sections 
they  appear  to  bit  ranged  in  linear  series :  (4)  that  in  the  much 
more  extensive  six-laminated  areas  of  Cortex,  in  addition  to  the 
existence  of  the  extra  layer  of  small  pyramidal  and  angular  ner^-e- 
elements  above  referred  to.  another  distinctive  chiimcttT  is  to  be 
found  in  the  fact  that  the  lartjfi  cells  have  in  nil  parts  of  the  con- 
volutions that  liiminar  or  solitary  arrangement  which  in  the  so-called 
•motor  area  '  exists  only  at  the  bottom  of  the  'sulci  **:  (o)  that 
transition  regitms,  or  convolntions,  exist  where  the  Hixdamiuated 
arrangement  seems  to  be  giving  place  to  the  five-Iaraiuated 
arrangement,  and  that  almost  precisely  similar  transitior.B  ore  to 
be  neen  even  in  the  fivt--luniiDated  regions  on  passing  from  the 
bottom  of  ihc  '  sulci '  to  the  sides  of  the  Convolutions. 


AltLo«gh  thoy  differ  bo  rrnicL  in  size  the  proper  nerve 
elements  of  the  second,  tblrd,  and  fourth  layers  are 
efiseutially  similar  in  shape,  and  there  is  reallj  i^o  good 
ground  for  separating  these  strata  ftoni  one  another.  It 
may  be  waiTantablo  as  a  mere  artiQce  for  facilitating 
description,  but  is  not  warrantahio  if  the  fact  of  such 

•  The  fact  that  these  two  layers  (i.e.,  the  'fourth'   and  the 

*  fiflh  '  of  the  six-laminated  ureas)  are,  as  Bevan  Lewis  points  out, 
always  dcvclopetl  in  invorst*  proportion ;  and  the  fact  Uiat  where 
the  formrr  is  nominally  al>»ont  ( iV.,  in  the  tive-laminatud  areas) 
••firaHll  angular  cells"  Btill  exist,  iutcruiixed  with   the   so  culled 

•  giant  celU  \  make  it  possible  that  we  have  here  the  above  two 
layers  mergett  into  one,  owing  to  the  extreme  development  of  some 
of  the  uirvc  elements  otherwise  existing  as  smnll  pyramidal  cells. 


k 


the  fonrth  layer  as  *  gan^rlionic '  ceUs; 

particular  as  *  lb 

carries  with  it    i 
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since  the  nerve  elements  ol  this  region  are  rfpresented  by 
a  single  stratum  of  pynimitlul  cells,  which  dirtcr  also  only 
in  size  from  the  Bo-cnllcd  *  pant  cells  *  of  the  parietal  or 
frontal  Convolutions. 

There  is  in  fuct,  in  the  writer's  opinion,  no  valid  reason 
for  snpposing,  as  many  do,  that  these  *  giant-cells*  differ 
at  all  in  kind  from  others  of  smaller  and  smaller  size  with 
which  they  are  intermixed,  or  which,  in  the  corresponding 
layer,  alone  exist  in  so  very  many  of  the  convolutions  of 
the  Cerebrum. 

Similar  kinds  of  cidl  eleiat'iits  to  tboite  found  in  tbe  Coavolationa 
of  the  Human  Brain*  and  similarly  arranged,  urc  to  he  found  in 
the  Convolutions  of  Apes  and  Monlce^vB. 

in  lower  animals  the  greatest  ^K)rtion  of  the  Cortex  is  also  six* 
laminated,  but  in  certftiii  Bpeotal  and  limited  (tho'igh  vuryiiig) 
regions  in  each  liiul.afivc-Iamiiiati'd  Cortex  exists.  These  laminua, 
according  to  Bevan  Lewis,  are  also,  to  u  considemblo  extent,  iden* 
tical  in  composition,  thongU  the  first  (winch  is,  in  the  muin,  a  nicra 
conaeclivo  tissae  layer)  has  generally  a  {:(reat«r  oompanitivo  depth 
in  the  Sheep,  the  Pig,  and  other  lovrer  animals,  than  in  Han.  lie 
says: — "Ilia  in  the  essential  character  of  the  individnal  cells  of 
these  layers,  in  the  rt-l.itionstiip  of  these  anatomical  units  the  one 
to  the  other,  and  in  their  j^entM-al  distrilmtiun,  that  we  detect  diver- 
gence from  the  type  uormHl  to  the  higlier  Muninmlla.** 

In  Han,  the  Ape,  the  (^it,  and  the  Ocelot,  the  '  giant*  cells  are 
swollen  and  more  rounded  (owing  to  their  giving  off  a  Iar;^r  nnm- 
her  of  processes),  than  in  such  animals  as  the  She^p  and  the  Pig. 
In  the  latter  these  cells  are  more  simply  pyramidal,  and  have  a 
smaller  naml)er  of  interconnecting  processes.  Such  cells  are, 
moreover,  scattered  over  a  wide  area.  But  in  the  Cat  and  other 
Camivora,  the  area  in  which  the  'giant*  cells  are  found  is  very 
restricted — much  more  so  thun  in  Man  and  the  Qnadrumuna. 

Again,  according  to  Bevan  Lewis,  a  peculiar  kind  of  '  globose  * 
cell  with  few  connecting  processes,  is  to  be  found  amidst  the  otlier 
etejnents  in  the  second  and  third  layers  ot  the  I'ig  and  Sheep,  and 
also  in  Apes — thoagh  snch  elements  have  been  met  with  in  Man 
only  in  the  brains  of  Idiots  or  Imbeciles. 


cutegorics,  cacL  of  which  ^iU  he  do 
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small  proportion  to  the  fibres  passing  from  one  part  of 
the  surface  to  another/* 

rt.  Commissures  conucctvuj  aimilar  parts  in  tht  two 
Hemispheres, — Tlieso  are  gonorally  spoken  of  under  the 
name  of  'transverse*  Commissures.  They  include  the 
Corpns  Callosum,  the  Anterior  Commissure,  together  with 
the  Middle  and  Posterior  Commissures.  A  part  of  them 
have  been  hitherto  referred  to,  in  the  quotations  from 
Bnmdhcnt's  descriptions,  as  *  callosal  *  fibroa. 

The  Corpus  Callosam  is  by  fur  the  hirt^est  and  innst 
imporUnt  of  all  the  commissures.  "When  the  two  Cere- 
bral Hemispheres  are  separated  it  may  be  seen  as  a  broad 
l»and  of  fibres  extending  from  the  one  to  the  other.  Its 
a ntero- posterior  diameter  is  over  three  inches,  wliilst 
laterally  it  extends  into  the  substance  of  each  Hemiaphere, 
where  it  forms  the  roof  of  the  '  laterfil  veutricles.'  On 
section  it  is  seen  to  be  thickened  at  each  extremity 
(fig.  1G2.  27,  28). 

Various  notions  have  been  held  by  older  anatomists  as 
to  the  dislributioa  of  the  fibres  of  the  Corpus  Callosum 
which  need  not  now  be  discussed,  though  it  may  he 
mentioned  that  Fovillo  thouj^'lit  its  fibres  served  to  bring 
the  Cms  of  orte  Hemisphere  into  relation  with  that 
of  the  other;  and  that,  according  to  Gratiolet.  its  fibres 
suffice  to  bring  the  Crus  of  one  side  into  connection  with 
the  convolmious  of  the  opposite  Hemisphere.  The  inves- 
tigations of  both  Moyuert  and  Broadbont,  however,  leoirl 
them  to  believe  that  the  first  of  these  views  is  altogether 
erroneous  and  that  the  second,  if  at  all,  is  only  very 
partially  true,  since  in  the  main  the  fibres  of  the  Corpus 
Callosum  serve  to  unite  similar  Convolutions  in  the  two 
Hemispheres.*  Its  fibres  are  not,  however,  distributed  to 
all  alike,  but  only  to  some  of  them.  And,  as  before 
♦  "  Journ.  of  M«nt,  Science."  Ap..  1870.  p.  18. 
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the  coDvoIutiouB  forming  the  tip  imd  inoer  or  uuder  sur- 
ce  of  the  Temporal  Lobe,    It  is,  as  Broadbent  says,  aod 
other  anato- 


I 

^fnista   had  pre- 
^viously      recog- 
^_itizcd,  a  sort  of 
^Hcccssory     Cor- 
"pus      Callosnm 
conuectiu*; 
those    parts   of 
the    two   Tem- 
poral    Lobes 
which  could  not 
otherwise        Lo 
easily     brought 
into  relation 
with     one    an- 
other. 
I  In    some    of 

the  low&r  ani- 
mals thiit  have 
large  Olfactory 
Lobes  and 
'  tracts,'  these 
are  directly  con- 
nected with  one 
another  by 
means  of  fibres 
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Pin.  IM.— RorlKODtul  Soctltni  tliroujib  tbo  Carvbrnm  ml  & 

deeper  IflTtd.  thowliiK  tbe  Tblnl  Yentnelc  and  lu  CcmmU- 

mrcrt  and  tJio  Tulrtttnu*  i<t  cadi    I'urjmd   Sti-lntui«   t*i   tlio 

FnUndof  UcU.    (Hjiip.«5  I    1.  Fornix.  t«jjfetlj'.T  with  Velnro 

Intcrpofflcuin  t«in)«d  IxiulcwardH  tn  order  to  Tvrokl  the  Third 

Ventricle ;  S.  Vein*  of  Onlcn ;  3,  autvdnr  eitnrniity  uf  the 

Plnaal  body;  4.  lUi  mperlor  pcduiiotua;  5,  Pmrtoricr  Core- 

bnil  CommLMnirti ;  tit  Antcriur  Committure  ;  7,  Brctiim  nf 

Hntuflor  pllliin   nf  Fornix  ;   8,  Third  or  Middle  Ventricle ; 

9,  Grejr   or  Miil<Jlo  C<<mnil.v«uro ;    10,  CoriniA  Btritttiiin,  Ibu 

upper  and  cxt^jnuU  utrntii   -jf    wliich  U»ve  W-en  ulltc'l  <»(T ; 

1 1.  ThabimiM ;  1 2.  TrdU  Semicirculnrtu  :  1 .1.  H,  1 B.  MCtlno  <A 

CdnvohiUiiuA  o(  the  IhUnd  of  Il«9il ;  Id,  Mcrtlon  »f  tUc  liitm- 

,   .    -.     -  rontrlculor  mtcltiiii  of  the  Corpus  Slrt.itiim  :  HV^volimi  trf 

WniCU  lorm  part    tho  Wblte  Sulwdmce  of  the  Hmil.plicrv.  itt  ihc  |«rt  wliich 

of  this  Anteru»r   *»'t«"<*»'0»  between  the  laUuvl  -r  itfii  luvl  the  ni-pi^r  pun  -^f 

.  liiL-  Oorpiu  Stri.turo. 

Commissure. 


The  Middle  Comjnissure    is    a    soft    bridge  uf   grey 

atter  that   passes  across  the  *  third  ventricle '  from  one 

Thalamus  to  the  other   (figs.  104, 1»;   157,  Th),  and  may 
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of  tlie  desrending  cornn  *;  and  (2)  tho  *peclancle»'  of  the  Pineal 
Body,  which  pass  forwunU  iilon^  the  Thalamus  at  the  upper  limits 
of  the  *  third  ventricle,'  (frailnally  diminiihing  in  bizo  and  at  last 
apparently  bleeding  with  the  '  anterior  piUara'  of  the  Fornix  near 
the  anterior  extremity  of  each  Thalamus/t* 

Man}'  oilier  sets  of  '  comuiLHsuml  fibres  '  exist  on  each 
side  whoso  offico  also  is  to  bring  different  more  or  less 
distant  Convolutions  in  tho  ssime  JlemispLere  into  rclu.tion 
with  one  another.  Some  of  the  principal  of  these  Com- 
missures are  longitudinal  in  direction,  and  uro  disposed  iu 
the  following  manner  : — J 

1.  A  gr»?at  'axial  lontjlliuilnul  st/etcin*  runs  tlirongh  the  nppor 
portions  of  the  Ilemispheres.  It  contains  fibre*  fn>iu  the  Occipital 
and  Temporal  Lobes  which  pass  on  to  the  tip  of  the  Frontal  lobe» 
receiving  or  giving  fibres  along  this  ruute  to  many  overlying  con- 
volations. 

2.  The  *lonffitudinal  Mifftcm  vf  ifv:'  faei^nlns  unc'tnafne*  ia  a 
set  of  fihre»  aitnate»i  at  a  lower  level  than  the  former,  though  it 
connects  the  same  main  divisions  of  tho  Hemiaphere.  Its  middle 
portion,  forming  the  band  from  which  it  takes  its  name,  is  to  be 
Been  on  the  latoral  aspect  of  the  hemisphere,  crossing  tho  bottom 
of  the  Sylvian  tiasurc  from  the  FronUl  to  the  Temporal  Lobe. 
Anteriorly  its  fibres  pass  beneath  the  Corpns  Striatum,  whence 
some  proceed  to  the  third  frontal  oonvolnlion,  fathers  spread  out 
beneath  the  orbital  convolutions  to  reach  the  anterior  extremity  of 
the  Corpus  Callosum  and  the  convolutions  at  the  adjacent  margin 
of  the  orbital  region^  though  tho  great  majority  of  the  fibres  pass 
on  beneath  the  orLiud  convolntinnH  to  end  along  the  anterior  edge 
of  the  Ilomisphere,  Posteriorly,  tho  tibrea  of  the  fasiculiia  unci- 
natuB  pass  to  tho  tip  of  the  Occipital  Lolie  and  to  tho  convulutiona 
along  the  lower  and  outer  edge  of  tho  Hemispheres,  whilst  a  con* 

*  This,  therefore,  would  seem  to  contain  Bbres  serving  to  conneot 
two  dixtant  portions  of  the  same  *  Tlialamos  *  with  one  another. 

t  As  these  'pednnclea '  of  the  Pineal  Body  are  continnous  with 
one  another  |x)Bteriorly,  they  may  form  n  sort  of  'transveme  com- 
misanre*  for  those  regions  of  each  Thalamus  from  which  the 
•anterior  pillars'  of  the  Fornix  proceed. 

J  See  "  Journ,  of  Mental  Science,"  Ap.  1870,  pp.  lO-ld. 


P<»9t«rior  corou,  wbere  tK^y  become  mixed  witi 
CulloBiim. 

4.  The  Convolutions  oa  the  Hat  interuiU 
sphere, especially  the  ' g\jrn4s fom'uatti»*  contu 
These  Litter  are  said  to  extend  from  the  *  ante 
io  front  (Corpus  Striatum)  backwards  orer  t 
rouDd  its  posterior  extremity,  and  tbenoe,  i 
onwards  to  the  tip  of  the  Temporal  Lobe. 

5.  Certain  longitudinal  fibres  ('nfrrcj  o/ i 
on  the  npper  surface  of  the  Corpus  Callosum 
side  (fig.  Iti3).  In  front  they  also  are  said  ' 
with  the  •  anterior  j>erffjruted  space/  whilst 
tinntion  is  doabtfiil.  According  to  FovUtc  th« 
pillars  *  of  the  Fornix.* 

Othor  sets  of  '  oommiHsural  fibres'  a^ 
loii^tudinal  iu  direction,  and  thoy  84J 
bring  more  immodiatoly  odjactni  Convoi 
tion  with  one  another.  1 

We  still  (KiKKt'Ss  a  very  inadequate  k 
multitudiuouB  sets  of  fibres,  but  it  woo] 
Bible  here  to  attempt  to  render  an  acco^ 
been  made  out  in  regard  to  them.  A| 
tlie  befit  marked  of  tLesu  connections  j 
given  in  order  to  convey  eome  idea  of  a 
relation  existing  between  contiguous  Coi 
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^rus  hoB  complicated  conaectioua  with  the  adjoceat  oonvolutionfl 
Wbiod  it,  and  receives  large  bands  ot  Ubres  imm  the  poBtorior 
purt  of  the  heminphcro  by  inpnnn  of  the  axial  lon^^itndinat  systero  ; 
it  is  also  extensively  ooDoect^d  with  the  anU'rior  puriutal  convoln' 
lion,  and  senda  forwards,  deeply,  libree  to  all  the  t)iree  frontal  con- 
volutions. The  second  frontal,  besides  receiving  tibres  from  the 
axial  system  and  parietal  couvolutious,  is  countcted  with  the  tirtit 
und  third  frontal  gyri.  between  which  it  lies,  by  numerous  large 
laminae,  which  do  not  simply  dip  transversidy  under  the  interven* 
ing  sulci,  but  run  tortuooKly  forwards  or  huckwards,  their  inter- 
twininga  being  too  complicated  to  admit  ot  either  description  or 
represeutution.  Fibres,  moreover,  cross  transversely  under  the 
second  froutul  ?yrus  from  the  first  to  the  third." 

The  convululions  of  the  Temporal  Lobe  are  most  distinctly  con- 
nected with  others  in  the  Occipital  and  in  the  ParietiU  Lobes,  and 
Broa«ibent  adds,*  it  is  "worthy  of  mention  that  between  the  infra- 
marginal  Sylvian  and  parallel  gyri  separated  by  the  deep  paruUcl 
sulcus,  there  is  the  most  extensive  commissural  conuectlou  to  be 
found  lietweeu  udjucent  convoluLions  in  the  entire  bruin."  Recent 
physiologicvil  exi>eriment8,  as  wo  shall  see  in  the  next  ctiapter, 
render  this  observation  one  of  great  importnnce. 

The  bulk  of  the  hbres  from  the  radiating  convolutions  of  the 
*  island  ot*  Jteil,*  form  a  thick  layer  that  is  in  relation  with  the 
convolutions  into  which  its  anterior  and  upper  margins  pass,  viz.: 
tbosB  of  the  posterior  border  of  the  orbital  lobule,  the  third  frontal 
and  the  ascending  |)arietal  gyii.  The  course  of  these  fibres  is  very 
intricate.  Fibres  also  pass  between  the  convolutions  of  the  *  island 
of  Reir  and  the  posterior  part  of  the  hcniippherB;  whilst  a  few 
procf-ed  from,  or  pass  between,  the  centre  of  the  itsland  from  the 
overhanging  tip  of  the  Temporal  Lobe.  No  fibres  connecting  these 
convulutions  with  the  Corpus  Striatum  or  Thalamus  have  yet  been 
recognized,  although  they  lie  immediately  outside  the  former  body, 
and  may  therefore  receive  a  few  filaments  from  its  extra-ven  trie  alar 
grey  nucleus. 

From  M'bat  Las  beeu  said  concornlug  thu  distribution  of 
the  fibres  of  the  Corpus  Callosum,  of  the  "various  longi- 
tudinal sets  of  *  commissural  fibres/  and  of  Hiose  which 
pass   in  different   directions  between  more  or  less  con- 

*  Loc.  cit.  p.  15i, 


Ganglia  on  their  road  to  or  from  tl 
Brondbent  points  out,  bear   a   small 
fibres  passing  from  one   part  of   the 
eitber  in  the  same  or  in  opposite  Hem 
it  in  tbe  pbraseolopy  of  Meynert,  tbe 
jection   Rvstera  '  ore,  in   tbe  agjp-egato 
pared  with  tbose  of  the  '  association  b; 
<■.   Commissures  hrinfiiuff  the  Cereb 
with   the   Cerebrum, — Tbese   correspo 
known  aH  tbe  Upper  Corobcllnr  Pedu 
possible  that  tbe  Middle  Pi-dnncles  on 
clndcd   under  this  cule^'ory.     Tbe  dii 
parts  will  be  referred  to  in  tbe  next  se 
Peduncles,  tbough    tbey  pass  tbrou^ 
Medulla,  serve  in  tbe  main    to   place  i 
relation  with  tbe  Spinal  Cord.  I 


5.-The  General  Structure  of  the  0{ 
Relations  with  other  p 

Tbe  Cerebellum  or  *  Little  Brain,'  nil 
is  a  solid  orgnu  whose  two  halves  are  4 
another.     If  a  horizontal   Bcction  bo  ; 

middle  of  theCeri'bpTlnm    tlti^rPivill  Kq_i 
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Buli'livisioii  of  the  surface  of  tlie  orgiin  will  Im  best  com- 
prehended fiom  figH.  150, 162,  165.  These  show  the  rami- 
fied nature  of  tho  peripheral  se^^monts  of  the  Cerebellum 
ftud  the  hirj^e  proi>ortional  hulk  of  its  surface  prey  matter, 
when  compared  with  the  uiass  of  *  white  suhstiince  '  which 
this  matter  everywhere  encloses,  except  in  the  direction  of 
its  Pciduufles. 

The  Pedun- 
cles of  the  or- 
giin,  of  which 
there  are  throe 
pairs,  are  the 
parts  that  serve 
to  connect  it 
with  other  di- 
visions  of  the 
Brain  and  with 
the  Spinal 
Cord. 

The  Upper 
Pe^unclea  of 
the  Cerebel- 
lum are  thick 
bands  of  fibres 
that  proceed 
from  its  an- 
terior    border 

in  a  slij?htly  convergent  direction  to  the  jmstcrior  pair  of 
the  '  quadrigeminal  bodies/  beneath  whicli  they  pass.  In 
tliis  Kitnntion  they  decnsHatei  &Tid  the  fibres  of  each  set 
then  proceed  to  a  largo  nucleus  of  j:anglionic  malter.  in 
the  upper  or  sensory  portion  of  the  Cms  Cerebri,  usnally 
known  as  the  '  red  nucleus.'  Thence  the  course  of  these 
or  of  related  fibres  is  uncertain,  but  they  are  now  com- 


Fio.  105.— The  L'l'pcr  lYdiiiKlc*  of  tbo  Coretwlluni.  tbs 
Fuurtb  Vatitriclu,  and  cnutiduoua  jxirt*.  (B»i'pey,  »/t«r 
IlirMclifolil.)  I,  MotiiJLQ  grvurc  tn  float  of  fourtU  rcutrtclc ; 
3,  wlitt«  fliirvs  by  which  tbc  authlory  n«rve  tunnfnittm; 
:i,  inferior  Cvrctxllar  Tcduuclc :  4.  povtorkir  ine«lf)ui  cohimn  : 
r»,  9ti|K;H<>r  Ccrolx-Uur  PeJuuclo,  cniftMiiK  the  Inferior  ou  ila 
inner  litle ;  6,  7,  tipper  and  p<i*tcaior  Mpect  of  tho  Cerebral 
r«Uuaolo  ;  d,  Curpura  quulrijpomlua. 
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mouly  believed  to  pass  ander  tLe  posterior  extretnilj*  oi 
the  Thalamus,  aud  from  this  body  to  dififereut  rej^ious  ol 
the  Cerebral  Cortex — tLongh  Ihey  have  not  been  actaalli 
traced  further  than  into  diflerpnt  parts  of  the  *  coroDi 
radiata.' 

Nolbiu^,  therefore,  is  knowu  as  to  the  particular  Con^ 
volutions   viiih   which   the   Cerebellum   is   brought  inl 
relation   through    these  fibres  of   the  Upper  Cerebellar 
Ped  uncles.     On  the  Cerebellar  side,  however,  the^  par- 
ticular fibres    are   thought   to  be  partly   in   ijxime<liat 
relation  with   the  cortex  of  the   inferior  portions  of  th< 
Middle  Lobes  (fig.  165);   whilst  others  of  them,  ou  eiich^ 
side,   are  in  communication  with,  or  enter  the  bag-like 
grey  nucleus  (fig.  15G)  before  passing  to  different  portions 
of  the  Cerebellar  Cortex. 

Between  these  converging  Upptr  Peduncles  there  is  a 
thin  lamina  of  nerve   matter  known   as   the   'valve  of 
A'ieussens'  that  suffices  to  connect  the  Middle  Lubo  of 
the  Cerebellum  with  the  Corpora  Quadrigemina.    This  ii 
tt  structure  which  in  lower  Vertebrates,  such  as  Fishes, 
is  proportionately  more  developed,  and  serves  to  bring  theii 
large  *  optic  lobes '  into  structural  connection  with  th< 
only  portion   of  tho  Cerebellum  that  they  possess,  vix. 
the  Middle   Lobe.     This  lamina  forms  the  roof  of  the 
upper  or  anterior  half  of  the  'fourth  ventricle'  (fig.  162) 
and  also  of  the  first  part  of  the  passage  between  this 
cavity  and  tlie  *  third  ventricle.* 

The  Lower  Peduncles,  or  'restiform  bodies*  as  they 
are  also  termed,  cotmeet  the  Cerebellum  with  tho  Medulla 
and  Spinal  Cord  (fig.  165).  Within  the  Cerebellum  llie 
fibres  of  these  Peduncles  are  said  not  to  come  into  relation 
with  the  central  bag-like  grey  nuclei,  but  to  pass  at  once 
to  different  regions  of  the  cortical  grey  mutter. 

The  inner  portion  of  each  Lower  Peduncle  appears  to 
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be  made  np  by  Ihe  centripetal  prolonpationa  of  the  Audi- 
tory Nerve ;  the  libres  of  which  are  traceuLlo  from  its  own 
'  oxternal  nucleus '  to  the  *  nucleus  du  toit  *  of  Stilling  on 
the  same  and  ou  the  oppoBito  bide.  But  the  outer  portion 
of  the  Poduu- 
cle,  Meynert 
83iy8,  is  de- 
rived from  the 
Opposite  '  pos- 
terior column' 
of  the  Cord  in 
the  following 
manner.  The 
iibreB  of  tbe 
posterior  me- 
dian column 
( •  funiculus 
cuueatus  et 
gracilis  ')  en- 
ter or  come 
into  relation 
with  the  gang- 
lion cells  of 
the  c^rrcB- 
()onding  '  oli- 
vary bofiy ' ; 
thence  they 
cross  the  me- 
dian line  of 
the  Medulla, 
behind        the 

'  anterior  pyramids,'  to  pass  round  the  opposite  olivary 
l)ody  before  emerging  in  the  form  of  *  nacuate  fibres '  at 
the  posterior  and  lateral  region  of  the  Medulla.    Here  they 


Fm.  HJ«.-The  MMdle  ('crc)«II(ir  I'ttlitiick-*  mA  Pon*. 
with  l^ontlgiuNM  PortK.  (Httiifc-y.  uUvt  UinclifeM.)  1, 
r>l^tfo  Coiiimlwuro ;  3,  Tubvr  Ciiiormim  and  lllulury  p«d- 
tele :  3,  rnrpora  nrnnnniUiirU ;  i,  Intorpcdutictilar  Hf*eo ; 
5,  C'crobrKl  pcdiincla ;  C,  6,  Mudijui  ^h^tu  uu  I'otia,  with  (7^ 
II  iilli;ht  i>roTiifiicnc«  on  each  mid?:  H,  utitfin  of  tlio  trlttv- 
nilnnn ;  0,  miperi<rr  tratiMrcfwt  flbm  of  the  Pmw  ;  10,  lU,  11a 
mcfliati  ftbrca*.  ll.lta  UfWvT  fihrca  dipping  benenth  tLo  fu*r- 
UMir;  12,  12,  iiilddlo  Cerebclliir  pciluncle^,  furmcd  Viy  Ihs 
iinkin  of  tlicMo  "Jltw  seta  of  flbred;  tbe  loft  ptduiidQ  la 
dirirlcd  near  1U  ort^n,  iha  right  1«  iu  part  tllMcded  ont. 
13.  Hpliial  Or«l;  14,  iiHNllati  htrrow  <4  the  Modulln;  19,  U, 
dum-wutlon  vt  tlic  pynuulcU  (10);  17,  OUvatt  body ;  IS*  AnU 
furni  fibre*. 
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throw  themselTes  into,  and  ascend  as  part  of,  tbe  Lo> 
Peduncle.  Tbus,  the  fibres  of  each  *  posterior  colnmn  * 
sink  beneath  the  smface  of  tbe  Spinal  Cord,  and  after 
passing  through  the  corresponding  '  olivary  body  *  and 
thence  crossing  the  middle  line  of  the  Mcdnlla  and  pass- 
ing round  the  opposite  '  olivary  body,*  tbey  emerge 
parts  of  the  •  restiform  body '  or  Lower  Peduncle  of 
Cerebellum.  Tbia  arrangement  is  not  to  bo  regarded 
estnblisLed  beyond  tbe  reach  of  doubt:  it  is  in  fact  deniedj 
by  Luys. 

Tlie  Middle  Peduncles  together  form  tbe  'pons  Varolii," 
Tbe  fibres  of  each  (fig.  106)  emerge  from  dift'eront  parts  ofj 
the  cortical  substance  of  the  corresponding  '  lateral  lobe ' 
the  Cerebellum  ;  and  whilst  a  few  of  its  fibres  are  believed] 
to  be  '  commiHBural  *  iu  nature,  and  merely  to  pass  aoros^j 
from  one  to  the  other  of  those  lateral  lobes,  tho  majority 
of  tho  fibres  of  one  side  decussato.  at  tbe  middle  line, 
with  those  of  tbe  opposite  Middle  Peduncle.  By  lh<;i] 
intor\*cntion  each  half  of  the  Cerebellum  is  brought  into 
relation  either  with  tbe  motor  fibres  descending  from  the 
opposite  Corpus  Striatum  (in  the  corresponding  Cerebral 
Peduncle) ;  or  else  with  some  of  the  cells  of  tbe  Corpai 
Striatum  itself,  owing  to  some  of  the  Cerebellar  pedun- 
cular fibres  bending  upwards  from  tho  *  pons '  to  end  in 
these  ganglia — just  as  others,  taking  a  similar  coarse,  are 
Ibought  to  pass  tbrough  them  on  their  way  to  the  Cere* 
bial  Convolutions. 

Ail  that  is  positively  known  is,  that  each  •  lateral  lobe ' 
of  the  CoreLellum  is  principally  in  relation,  through  its 
Middle  Pednncio,  with  the  '  nH)tor  tract '  from  tbe 
opposite  Cerebral  Hemisphere.  And  this  fact  itself  is  ow 
of  some  importance,  since,  amidst  all  the  other  doubts 
concerning  tho  Cerebellum  it  would  seem  positively  to 
imply   that  the   bulk  of  the  fibres   of    tlioee  particular 
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Peduncles  are  *  outgoing  '  or  motor  fibres — a  conclusion, 
which  is  harmonious  with  other  evidenco.  Whether,  how- 
ever, there  are  points  of  junction  with  cerehrul  motor 
fibres  of  the  opposite  side  in,  or  in  the  neighbourhood 
of,  the  *  pons  '  itself,  as  Luys  imngiues  ;  or  whether  such 
cerebellar  fibres  really  pass  upwards  to  the  cells  of  the 
Corpora  Striata — or  eveu  beyond  thera,  to  some  portions 
of  the  Cortex  of  the  Cerebral  Hemispheres — are  details 
which  cannot  at  present  be  decided. 


6.— The  Minute  Structure  of  the  Grey  Matter  of  the 
Cerebellum, 

The  cortical  Grey  Matter  is  uniform  iu  appearance 
all  over  the  innnmcrablo  folds  of  the  surface  of  ihe  Cere- 
bellum. To  iho  naked  eye  it  is  divisible  into  two  layers 
(fig.  167),  an  outer  clear  grey,  and  an  inner,  as  well  as 
narrower,  greyish  red  layer.  Within  the  grey  layer  of 
each  fold  is  a  stem  of  white  substance. 

In  the  deepest  part  of  the  outer  layer  there  i&  a  single 
TOW  of  large  ganglion  cells  yoV^  ^  Foo  ^^  ^^  "^^^  '^ 
diameter,  whose  large  brancbingarms  ramifythroughout  the 
whole  of  this  stratum,  becoming  finer  as  they  approach 
the  surface  (tig,  167,  h,  b).  The  ultimate  ramifications  of 
these  nerve  processes,  together  with  a  kind  of  connective 
tissue  substance,  unite  to  form  a  most  delicate  matrix  of 
fibres,  amidst  which  are  interspersed  a  number  of  small 
eorpnscles.  These  are  either  mere  nncleoid  bodies  or 
small  angular  cells,  and  like  tho  similar  coi-puscles  in  tho 
grey  matter  of  the  Cerebrum  it  is  impossible  to  say  which 
should  be  regarded  as  belonging  to  the  connective  tissue, 
and  which  have  a  right  to  the  title  of  nerve  elements. 
Many  of  them,  as  W.  H.  O.  Sankey  has  ascertained,  are 
in  direct  continuity  with  the  raniiticationsof  the  ganglion 
cells,     llnnning  along  the  inner  part  of  this  layer  across 
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the  direction  of  the  large  branches  of  the  ganglion  cells 
arc  a  number  of  fine  norvo  fibres. 


Fm  i«7. -Grey  Matter  of  tbc  roreVnum,  Bct-ttitii  of,  mugntftcd  t!b»il  4flt 
dUunaten.  (Kttnrpey.  after  t^Mikey.)  a,  pia  mktcr  uf  C«rebeUura  ;  h.  ft,  outer  gnr 
U^er;  r.  tftvut  tp^t^l^Mi  wllm.  d,  iDoer  grey iah-r«U, or  ao-citlkd  fninul«  Ujr«r;  <,  ibM 
ot  wtilte  fibrvA. 
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The  great  f^iiijj;lion  coUb  encroach  iipou  the  outer  border 
of  the  noxt  Btratnrn,  which  is  the  so-called  *  granule  layer,' 
Here  are  massed  together  a  multitude  of  corpuscles  fmm 
TiHio  ^^  ^sVo  ^^  ^^  "**^^  *"  diameter,  very  similar  to 
those  more  sparingly  scattered  through  the  outer  layer. 
The  inner  process  of  each  large  ganglion  cell  is  said  to  bo 
single  and  undivided,  but  as  it  is  very  fine  it  is  soon  lost 
to  view  in  the  dense  *  granule  layer '  into  which  it  passes. 
The  mode  of  conucctionof  the  central  stem  of  white  fibres 
with  the  granule  layer  and  with  the  elements  lying  out- 
side it,  is  at  present  very  uncertain,  'Granules/  or  cor- 
puscles of  the  same  Idud,  are  also,  though  more  sparingly, 
scattered  through  iLis  white  substance. 

It  seems  most  probable  that  some  of  the  6bres  iu  each 
stem  of  white  subslaiice  are  'afferent,'  and  that  others 
conduct  'cfTerent*  impressions  or  impulses.  The  former 
fibres  may  divide  in  the  'gi-auule  layer,'  so  as  to  come 
into  relation  with  two,  three,  or  more  of  the  great  ganglion 
cells ;  and  the  outgoing  stimuli  may  pass  from  these 
groups  of  cells  through  their  ramifying  branches  in  the 
outer  layer,  aud  thence  through  continuous  rootlets  of 
'outgoing'  fibres  which,  coalescing  as  they  go,  pass 
through  the  '  granule  layer/  and  away  through  the  stem 
of  whito  substance. 

This  latter  is  a  hypothetical  an'angement,  but  one  which 
seems  to  tlie  writer  to  be  most  in  accordance  with  the 
actual  structure  of  the  grey  matter  of  tho  Cerebellum. 


7.— Th.e  CentraJ  Connections  of  the  Olfactory  and 
Optic  Peduncles,  as  well  as  of  other  Cranial 
Nerves. 

The  Olfactory  Peduncles  or  *  tracts/  and  the  Optio 
Peduncles  or  '  tracts '  are  generally  regarded  as  some- 
thing different  from  ordinary  nerves.     Tho}-  are  looked 
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upon  ftS  special  out-growths  or  prolongntions  from  the 
Briiiu.  A  difltinction  of  ihiH  kind  in  undoubtedly  leptl- 
inat«  in  regard  to  many  of  the  lower  auimals.  It  is  so^^ 
for  iustancCf  in  Fishes  as  well  aa  in  some  Keptilea  an 
Mammals,  in  which  the  Olfactory  Centres  are  extremclj 
well  developed ;  and  also  in  Insects  and  Ccphidopods 
which  the  eyes  and  Optic  Centres  are  very  largo.  But  in 
!Man,  in  whom  neither  the  Keuse  of  Smell  nor  the  Rexisc  of 
Sight  is  so  inordinately  developed,  and  in  whom  the  cor- 
rcBponding  primary  Centres  are  relatively  small,  any  such 
distinction  is  less  obvious.  In  his  case,  indeed,  there  iti 
no  good  reason  for  maintaining  it,  in  regard  to  the  OpI 
'tracts,*  since  those  parts  differ  little  in  appearance  froi 
ordinary  nervea.  There  ie  more  reason,  however,  for  surJ 
a  distinction  in  reference  to  the  Olfactory  '  tracts/  becaue 
even  in  Man  tlie  Olfactory  Ganglia  exJKt  as  outlying  poi 
lions  of  the  Brain,  from  which  minute  Olfactoij  Kenr* 
dcHceud  to  the  nai:;Bl  passages. 

The  course   and   central   connections   of  these   pi 
require  to  be  hrietly  sot  forth. 

The  Olfactory  *  tract'  is  connected  with  the  posterior 
region  of  the  orbital  surface  of  the  Hemisphoro  by  thn 
roots  ;  of  these  the  external  goes  outwards  to  the  inferi 
extremity  of  the  Temporal  Lobe  of  the  same  side, 
may  be  easily  recognized  in  those  Mammals  in  which  t1 
Olfactory  Lobes  are  large,  though  only  with  some  difficulty' 
in  Man.  The  inner  root  enters  the  Hemisphere  near  its 
inner  border,,  and  n  htlle  iu  front  of  the  Optic  Com- 
missure. The  further  relations  of  the  fibres  of  the 
Olfactory  Tracts,  and  the  fact  that  they  come  into  relation 
on  each  side  with  Convolutions  of  the  corresponding  and 
not  with  tiiose  of  the  opposite  Hemisphere  will  bo  subse^ 
qucntly  referred  to  (see  pp.  482,  488). 

llie  Optic  '  tracts  *  are  the  continuations  of  the 
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Nerves  Imckwartls,  lieliind  the  Optic  CommiBSiire.  Encli 
*  traot  *    is   in  contact  with   aud  turns    round   the  outer 

rder  of  the  Cerebral  Peduncle,  becominf*  Hatlencd  as  it 
cceds.  Here  each  of  thcra  comes  into  rehitiou  with 
two  small  ganglionic  nodules  (known  respectively  as  the 
intemAl  and  external  '  geniculate  bodies  *)  situated  at  the 
posteriorextremity  of  theTlmlamus  (figs.  1G8,  e,i:  150,8), 
conti^ous  to  the  adjacent  aiiti^rior  segment  of  the  Quadri- 
geminal  Bodies,  with  which,  as  well  as  with  the  Thalamus 
itself,  many  of  its  fibres,  if  not  all,  come  iTito  rehitiou 
before  being  continued  onwards  to  certain  regions  of  the 
cortex  of  the  corresponding  Cerebral  Hemisphere. 

Although  the  subject  is  by  no  means  free  from  doubt 
and  uncertuiiity,  the  weight  of  evidence  seems  now  most 
in  favoar  of  the  view  that  the  *  decussation  '  at  the  Optio 
Commissure  is  as  complete  in  ^fan  as  it  is  known  to  be  in 
lower  Vertebrates. •  This  subject  will  be  again  referred 
to  in  A  subsequent  chapter  in  connection  with  the  question, 
as  to  what  parts  of  the  Cortex  of  the  Hemispheres  aro 
most  intimately  concerned  with  Visual  Impressions. 

Thas  it  would  appear  that  Olfactory  Channels  do  not 
decussate  at  all,  and  that  Optic  Channels  decussato  com- 
pletely. Yet  the  crossing  of  the  latter  cliannels  takes 
plac-e  outside  the  sabstance  of  the  Brain,  so  that  in  this 
respect  the  arrangement  differs  from  that  which  will  be 
found  to  obtain  for  the  next  two  sensory  *  (^ranial  Ncr^'e8,* 
Tiz.  :  the  Fifth  and  the  Auditory. 

The  position  of  the  Fifth  Nerve  and  its  superficial 
connection  with  the  lateral  aspect  of  the  '  pons  Varolii  * 
may  be  s<*eii  in  (fig.  168,  v).  Its  sensory  fibres  after 
passing  through  the  'Gasserian*  ganglion  are  gathered 
together  into  the   *  greater  root,'  the  fibres  of  which,  like 

ose  of  the  *  posterior  roots  *  of  the  Spinal  Nerves,  soon 

Rtw  Forrior,  "Functions  of  Brain,"  pp.  70  and  166. 
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cross  over  to  the  opposite  side,  and  go  to  form  part  of  the 
sensory  tract  or  'tegmentum*  of  the  opposite  Cerebral 
Pedancle  (see  p.  478). 

The  Auditory  Nerve  enters  the  side  of  the  Medulla  just 
below  the  *  pons '  in  close  relation  with  the  root  of  the 
Facial  Nerve,  About  the  subsequent  very  complicated 
course  of  its  fibres  we  still  have  much  to  learn.  A  large 
section  of  them,  at  least,  seem  to  enter  the  Cerebellam. 
and  the  mode  by  which  the  opposite  Cerebral  Hemisphere 
is  brought  into  relation  with  its  fibres  and  nuclei  of  origin 
is  altogether  obscure.  Meynert  even  says  :* — **  We  may 
regard  it  us  certain  that  no  extensive  imincdiate  connection 
of  the  auditory  nerve  with  the  Cerebral  lobes  exists,  but 
that  such  a  connection,  the  existence  of  which  may  be 
assumed  as  a  necessary  physiological  truth,  can  only  come 
to  pass  indirectly  through  the  Cerebellum.'* 

How  far  this  ^iew  of  Meynert'a  is  absolutely  com 
cannot  at  present  be  determined.     We  do  know,  however^ 
from  evidence  which  will  bo  subsequently  referred  to  in 
regard  to  Hemi-anresthcsia  (p.  487),  that   a  decussation 
of  auditory  channels  takes  place,  and  that  theso  channels 
ultimately   become  incorporated  with  other  fibres  of  tl 
Cerebral  Peduncles  comprised  within  the  posterior  thirf 
of  what  is  known  as  the  *  internal  capsule.* 

It  must,  moreover,  not  be  forgotten  that,  scoording  to 
Cyon  (p.  218),  what  is  named  by  him  as  the  Space-nerve 
(Raunmerv)  is  al^o  bound  up  with,  and  forms  part  of  the 
trunk  commonly  known  as  the  '  Auditory/  The  internal 
courso  of  the  portions  belonging  to  each  of  these  nerves 
will,  if  this  view  be  correct,  have  to  be  subsequently 
determined  and  difTerentiated.  It  may  be  that  it  is  the 
fibres  of  this  Space-nerve  more  especially  which  come 
into  immediate  relations  with  the  Cerebellum  (see  p.  50til 
*  Slrickcr'a  Histology,  vol.  iL  p.  500t 
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The  other  two  sensory  nerves  of  the  Medul'a,  the 
Glosso-pUurynReal  und  the  Pueuraogastric,  will  be  referred 
to  in  the  next  section.     The  sitaatiou  of  the   '  motor  * 
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Via.  108.— BnUrgod  View  of  part  of  tbo  Bxw  of  tbe  Brain  to  wbtcb  the  Cranltl 
K«TM «•  ftttaahod-    (Perrler,  idicr  Allcti  TbiMDMoii.) 

On  tbn  rfifht  ilde  the  CotiTotutluiii  of  tbc  Cvntnil  lobo  (C),  or  UUnd  nf  Reit.  tinve 
Lmboo  left,  on  tb«  left  the  indHiuu  Itoa  been  currltMl  betwcca  the  TbftlAtnus  (Tit]  oikI 
tho  llcnii»)4iera.  1,  OlfActory  Servo  cut  «bort :  II,  (.)ptic  Nerve  In  front  of  I'om- 
iniMure  ;  It',  Ri^bt  <'>}itto  tnict.  r,  "niu  citDrtial.  ami  i,  tbe  Intumid  'c»r[>iiii  penlcu- 
Utum';  A,  FUullary  body;  tc.  Tuber  cUicrcum  Mtid  infundlbulnin  :  a,  odc  nf  oor- 
t»ufu  nutmmUI.'U'iu  ;  /*,  C«rcl«r.J  peduncle-  III,  TblrU  nerve  'oculo-mwtor) ;  IV,  Fourth 
Dorvo  (t «thoticiii(  i ;  F  V,  Pon* ;  V,  tbo  greater  nH>t  of  Fiftb  nerve  (triffvmlnus)  +, 
Tbe  )e«M!r  or  tnut^ir  root ;  on  the  rtK^t  iddo  thla  i*  pLircd  on  tbo  Gumcrljui  guif^ltuo. 
1,3,3,  Tlie  three  dlvUIoiu  o(  tbe  Fifth  nurro ;  0,  81xtb  nerve;  Vila,  tbe  Pacltkl ; 
VII\  the  Auditory  :  VIII,  the  Vagus  or  PnmimogMtrio;  Vlllo,  tho  Uloao-phttryn* 
geal;  VI 11^,  tbo  SploaJ-acooHory ;  IX.  tbo  Hypu^lonal ;  ft,  tlw  'flnootiliu*  ot  ('vn>- 
twlbini;  pa,  ontcrlnr  Pyramid;  o.  Olivory  body;  r.  Rcetlfotin  body;  d.  Anterior 
medlAn  fintiro  ot  Uie  Sptnml  Cord,  above  wlflch  ta  tbe 'decttiuutiiin'of  tbe  Pynuulda; 
c  0 ,  the  anterior,  and  c  t,  tbo  latn-iil  coin  mn  of  tho  Spinal  Cord, 

nerves  will  be  seen  by  an  examination  of  fig.  108,  though 
no  further  reference  to  them  is  here  needed. 
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8.— The  Connection  of  the  Visceral  System  of  Nervea 
with  the  Brain. 

The  reliilion  of  the  Systemic  Nerves  to  the  Brain  is  not 
essentially  different  in  Man  from  what  obtains  in  the  ^eat. 
majority  of  hij^her  Vertebrates.  lu  all  alike  the  Viscoru 
System  of  Nerves  is  cli\isiblo  into  two  parts,  whof 
connections  with  the  Brain  are  partly  *  direct '  and  partlj^ 

*  indirect.' 

1,  The  Cerebral  Systemic  Nerves.— The  lowest  sejr" 
nient  of  the  Brain — the  Modullu — is  placed  in  immedial 
relation  with  the  greater  nnmber  of  the  viscera  of  th< 
body  throuj^h  the  intervention  of  the  Glosso-pharjTigei 
and  the  Vagus,  as  *  ingoing  '  nerves.  They  connect  it 
with  the  whole  length  of  the  alimentary  canal  below  the 
buccal  cavity ;  with  the  respiratory  organs  ;  with  the  heart 
and  some  of  the  great  vessels ;  with  the  liver,  the  spleen, 
the  kidneys,  and  possibly  also  with  the  internal  organs  of 
genemtiou. 

From  the  same  region  of  the  brain  (the  Medulla)  certain 

*  outgoing  *  libres  are  also  given  off  to  some  of  the  above* 
mentioned  internal  parts  or  viscera.     Those  elTorent  or 
motor   fibres    are    not    gathered    together   into    separata^ 
trunks ;  they  are  principally  wrapped  up  with,  and  con- 
stitute parts  of,  the  GloKso-pharyugeal    and    the    Spiui 
Accessory  Nerves,     The   viscera   which    do    not   receive' 

*  outgoing'  libres  from  this  source  are  supphed  with  them 
from  the  Spinal  Cord  and  the  nervous  apparatus  now  to 
be  mentioned. 

2,  The   *  Great   Sympathetic  *   is  an   elaborate   and 
extensive  syslcm  of  nerves,  and  consists  of  the  follow- 
ing parts: — (-r.)   A  gninjlh mated  con/ hing  on  each  sidftj 
of  the  vertebral  column,  each  of  which  is  connected  al 
with  the  5th,   the  tith,  the  7th,  the  8th,  and  the 
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pairs  of  Cranial  Ncnes,  and  also  with  the  anterior  branches 
of  tlie  several  Spinal  Nerves  along  the  whole  Icn^h  of 
tlic  Cord.  The  latter  comiiinnicationa  are  mostly  brought 
about,  on  each  side,  by  pairs  of  filaments  (some  of  who^< 
fibres  are  '  afferent'  whilst  others  are  ^efferent*),  passing' 
between  the  several  anterior  spinal  nerves  and  the  corre- 
sponding ganglia  of  the  'Sympathetic* — the  latter  being' 
situated  a  little  in  front  of  the  spinal  nerves  (fig.  170L 
Other  GangUa,  moreover,  are  found  at  tlio  junctions  of 
some  of  the  above-mentioned  Cranial  Nerves  with  the 
lateral  cords  of  the  *  Great  Hymjjathetic.' 

{b,)  Fi'om  the  ganglionatcd  cord  on  each  side,  numeroofl 
inUmal  branches  are  given  off  which  unite  with  one 
another,  with  those  of  the  oppohlte  side,  and  with  filumentft^^ 
of  the  A^agUB  Nerves,  so  as  to  form  either  great  I'lexuneB 
or  GnufjUa,  or  both  together,  whence  multitudes  of  nonrea 
are  sent  to  or  received  from  the  various  Viscera.  On  the, 
course  of  these  latter  nerves  smaller  ganglia  are  often 
found. 

The  principal  systeraic  Plexuses  are  situated  about  the 
heart  and  roots  of  the  respiratory  organs;  in  the   neigh- 
bourliood  of    the  stomach  (*  solar  plexus');  and  also  in{ 
the  vicinity  of  the  bladder  and  internal  organs  of  genera- 
tion. 

The  nerves  in  connection  with  those  Plexuses  which 


%,  Ita  anMtotaow  vlth  n  branch  ui  tho  Spltial-AccevMry ;  4.  niUTaguU  bnikeh; 
ft.iiuperiDT  LuTugtMl  iirrro;  (t,  uxUmal  LArTHircfil ;  7,  LtLryDgcol  jtUkiu;  A,  »M|»fltf 
Cardtac  ncrva ;  0,  mlil<ilo  CnrdiiM: ;  10, 10,r«curn>nt  Ltryngucl  nerrv  ;  tt.  PulnMury 
puigUon ;  19.  iU  anMloinoMui  with  Lho  ^raftt  Syinp-tthullc  ;  lU,  jHnitv-Hur  piilmoiMry 
plojtiu  \  14,  0-:4U)>)ia(jiml  |>lt!zua ;  1&.  auMsUnnoMn  of  tho  i^Ut  with  tbo  l»fc  I'xwuno* 
pwtric ;  16.  bnuichta  ul  ttia  Corrltoc  extmnit/  of  lb«  8t(iiukdt ;  IT,  bratM-h's  u( 
BUUiUar  curtntiirv  ;  IS,  l*nujobvauf  Uh>  onU'ri'M-  face;  10,  IlcfiaUc  bnncbw  ■  ft>,  01i«»>- 
libiuynifual  ntrire;  31.  S|)iiwl  M»ewor7 ;  38,  iU  UiU>rtiiil  limuch  abutonKMinf  with 
llio  l^iotiui)y«e>irlc ;  23,  ita  ext«n»l  brwDoh  prooeotiin^  to  Ihe  Tnipntlw  and  mm** 
Unnmhig  wiUi  (i' t)  the  fuurth  Cenrtatl  iwrra ;  S$,  nij-viitn-,  maA  98.  mldiU*  Corrlnl 
gjiutflloti ;  */r,  tuftirior  CcrvlcAl  gangUoo  united  witli  tUu  flratrKKsal;  29^  tg,  ji^ 
Pui-mI  tfangUH ;  3u,  gTMt  SpUnduUc  oorTD ;  SI,  oiljrfc  o(  tho  l*hronlo  Donw 

In  this  6giire,  the  Heart  hu  boon  cut »«%/,  tba  left  Litng  drvwn  forwant  uid  ita  < 
/u'(  partiy  directed,  wtd  tho  LiTor  has  been  ptrily  reflected  trom  Uke  SUiaiiuik 
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proceed  from  or  to  Ibe  Vis<!fem  are  mostly  diatributcd  along 


the 

liio 

of 


6brcs 
coats 
their 
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the  course  of  the  Blood-vessels.  Some  of 
of  this  Bystem  are  spcciully  distributed  to 
of  the  Vessels,  and  arc,  from  the  nature 
functions,  known  as  '  vaHo- 
motor  nerves/  A  portion  of 
these  must  have  *  aflferent '  func- 
tions whilst  others  transmit 
'  cfferont '  impulses,  cnuHinjr  the 
vessels  to  contract^  so  that  by 
means  of  such  nerves,  the 
amount  of  blood  llowinp  through 
particular  vascular  territories 
may  be  easily  regulated.  The 
*  vaso-motor  *  nerves  are  con- 
nected with  small  ganglia  dis- 
tributed over  the  vessels.  To 
some  extent  motor  stimuli 
emanate  from  these,  though  tho 
whole  *  Vaso-motor  '  system  of 
the  body  seems  to  he  ameuahlo 
to  the  influence  of  a  'regulative 
centre'  situated  in  the  Mexlulla, 
together  with  other  subordinate 
centres  in  the  Spinal  Cord. 

Whilst  the  Sympathetic  Sys- 
tem   probably    contains     its    own    tlicUe;    itr,  At,  two  comnmniaitiiiif 

intrmsic  aflerent    and   efferent  et-mi  ucttb;  *,«i.iai  norro 

frltoti  ndla  mkI  Abnt. 
fllnmctcm,) 


FiQ.  ITO,— One  of  theSytnTtttlictie 
OiuijfUu  fnun  Ute  rlt^tii  LAtonU  Cunl 
of  tlm  Rabbit.  (Owen,  k/tcr  K61- 
Ilkyr.]     Tr,  IMaral  cnrd  of  SyTu]«- 


D,  KTUJ- 

(X  abuut  40 


nerves,  it   also  seeniH   to    send 

(through   the   before-mentioned 

communicating    lilamcnts)    afferent    nerves    to    the    gi-ey 

matter  of  the  Spinal  Curd,  and  to  receive  therefrom  certain 

efferent  motor  and  other  librcs.     This  great  Sympathetic 

System  of  nerves  is  to  a  certain  extent  an  independently 
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develo]>cd  Bystcm.  though  it  also  holds  relations  to  the 
Spinvil  Cord  closely  resembling  thoHO  which  exist  between 
the  two  *  Cerebral  Systemic  Nerves,'  and  the  Medulla. 

By  the  arrangements  above   described,  not   only  is  tho 
harmonious  activity  of  related  Viscera  faciliUled,  but  the^ 
simultauoousactivity  of  Visceral  and  Cerebro- spinal  Norr* 
Centres  is  ensured,  where  such  conjoiut  activity  is  needei 
- — as  in  the   respiratory  processes,   in  oviposition  and  ii 
parturition,  or  hx  the  voiding  of  excreta.     Again,  by  reaso 
of  the  direct  or  indirect  connection  of  the  Viscera  with 
the  Brain,  the  organic   states  of  the  various  organs  ar»j 
capable  of  influencing  the  *  temper  *  or  mental  state  of 
individual,  either  unconsciously  or  consciously,     Viscei 
states  may,  independently  of  their  conscious  realization/ 
prompt  to  automatic  or  Instinctive  Acts  ;  or,  they  may  im- 
press themselves  upon  the  Conscious  Life  of  the  individual^ 
and  lead  more  or  less  directly  to  a  series  of  Voluntary 
Actions. 


CHAPTER  XXIV. 


THB   FCXCTIONAL    EEtATlO.va    OF    THE   PHIXCIPAL  PARTS    OP 
THB    BUAIN. 

Wb  row  pass  from  the  consideration  of  detuils  of  struc- 
ture to  the  question  of  tlieir  sii^uificance,  aud  shall 
attempt  to  enable  the  reader  to  form  some  notions — 
meagre  though  they  may  be — of  the  way  iu  which  the 
Brain  acts  in  the  performance  of  the  simpler  of  its 
functions. 

In  this  attempt  we  shall  have  to  be  pfiiided  by  three 
sets  of  facts  and  inferences  : — (I)  Those  gathered  from  the 
study  of  the  Anatomy  of  the  Nervous  Systems  of  lower 
animals  and  of  ^fan  ;  (2)  those  derived  from  Experiments 
with  lower  animals,  in  which  Non-cs  or  other  portions  of 
the  Nervous  System  have  been  either  stimulated  or 
destroyed ;  (3)  those  reported  by  medical  men  who  have 
paid  special  attention  to  the  symptoms  arising  from  irri- 
tative or  deHtructivc  Diseases  or  Injuries  of  diftbrcnt  por- 
tions of  the  Brain  in  Man. 

In  each  of  these  directions  our  knowledge  has,  within 
recent  years,  been  making  very  appreciable  strides  and 
is  still  progressing. 

In  this  preliminary  chapter  on  the  mode  of  action  of 
the  Brain,  the  reudcr*s  attention  will  bo  called  to  what  is 
known  concerning  three  sets  of  structural  relations  which 
arc  of  fundamental  importance. 


478 


THE    FUNCTIONAL    RKLATI0K8    OF   THB 


1.— The  Cross  Relation  existing  between  the  Cere- 
bral Hemispheres  and  the  Lateral  Halves  of  the 
Body. 

The  bodies  of  the  great  mnjority  of  Invertebrates,  as 
well  as  of  Vertebrate  Acimala,  are  bilaterally  symme* 
triciil — at  least  as  regards  all  external  organs  and 
all  |mrts  of  their  Nervous  System.  So  that  if  a  median 
Tcrtical  plane  were  to  divide  one  of  these  animals  in  a 
lonptudinal  direction,  each  half  of  the  body  would  be 
found  to  be  similar  to  the  other  in  all  respects  externally, 
and  each,  also,  would  contain  the  half  of  a  Nervous  Sya! 
similar  to  that  of  its  fellow. 

So  far   as  we  know  at  present,  however,  the  rela' 
which  the  double  Nervous  System   of  the  Invertebrate 
bears   to   its  double   body    is  different  altogether   &om 
the  relation    euhsistiug  between  the   same  parts  in  the 
Vei'tehrate.     In  the  former  the  half  of  the  Drain  con 
tained  in  either  half  of  the  body  is  in  immediate  conn 
tion    with  the  sensory  organs  and  Bnrfaces,  as    well   as 
with  the  motor  nerves  and  innBcles,  of  the  same  aide  of  thft 
body.     In  A^'erlebrates,  on  the  other  bond,  it  is  not  so 
In   lower  nienihers  of  the  series  to  some  extent,  and  in 
the    higher    forms    (including    Quadrumana  and   Man) 
to  a  more  perfect  extent,  a  cross  relation  e3dst8  betwee 
the  Lrain  aitd  the  body^  so  that  each  half  of  the  Brain 
is    connected   with    the  Sensory  Organs  and  surfaces  o! 
the  opposite  half  of  the  body,  and  also  with  its  Muscles., 
The   former  rehilion  is  brought  about  by  the  '  sensory 
channels  decussating  at  the  base  of  the  Brain  and  alon^' 
the  Spinal  Cord  ;  and  the  latter  is  duo  to  the  fact  that 
the   nerve-channels  fur   *  outgoing  '  or  motor  stimuli  pass 
from    each    half    of    the    Brain  to  the  opposite  side  of 
the  body,  decussating  with  one  another  in  tlie  Mednlla. 
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Vei7  few  explanations  have  aa  yet  been  attempted  of  the 
mode  of  ori^dn  of  this  crossed  relation  between  the  Braiu 
and  the  body.  The  subjoct  h  genernlly  passed  over  in 
silence,  and  though  our  knowledge  of  the  exact  unutomical 
relations  existing  in  lower  animals  is  not  yet  ripe  enough 
for  a  thoroughly  satisfactory  answer,  a  few  suggestions 
may  here  be  oflored  which,  if  they  do  nothing  else,  will 
perhaps  serve  to  direct  more  attention  to  this  very  inte- 
resting question,  and  nt  the  same  time  indicate  some 
of  the  directions  in  which  more  precise  information  is 
needed. 

The  essential  nature  of  the  problem  conies  out  most 
distinctly  if  the  reader  attempts  to  picture  to  himself  the 
existence  of  a  double  Nervous  System  in  Vertebrates  in  all 
respects  similar  to  what  it  is,  except  for  tho  fact  that 
neither  its  sensoiy  nor  its  motor  chamjols  decussate. 
AVith  the  two  halves  of  the  Brain  and  Spinal  Cord,  as 
freely  connected  by  transverse  *  commissures'  ns  tbey  are  at 
present,  a  direct  relationship  of  this  kind  would  seem  to 
be  the  most  natural  arrangement,  and  it  is  not,  therefore, 
at  all  clear  why  sudi  a  plan  nliould  not  exist  and  work  as 
well  for  Vertebrates  as  it  does  for  Invertebrates.  The 
question  to  bo  answered,  llien,  is — What  conditions  have 
arisen  in  Vertebrate  Animals  tending  to  initiate,  and 
linally  to  perfect,  such  a  crossed  relation  between  tho 
Brain  and  the  body  as  we  find  existing  in  Man  and  the 
higlier  Mammalia  generally*? 

The  following  considerations  seem  to  the  writer  to 
throw  some  light  upon  this  subject: — 

1.  MoTementB  tttk«  placti  iu  re&porme  to  senoory  iiaprcssions  of 
various  kinda,  and  (lor  our  preaeut  purpose)  they  may  be  divided 
into  two  oliiases:— (a)  those  in  which  related  muscles  on  the  two 
sides  of  the  body  are  called  into  HiniultaueouB  activity — as  with  the 
trunk  muscles  concerned  in  the  Incomotions  of  Fifdies  and  many 
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]iml>les8  Hcptites;  and  (/')  tliotto  ia  which  ninBcIes  oa  one  side,  am 
specially  of  one  limb,  are  called  into  nctivity  alone — cithi>r  in  iin 
ordinary  reflex  or  in  a  volitional  manner. 

2.  The  great  bulk  of  the  movements  of  Fishes  and  of  Ophidian 
Reptilea  would  belong  to  the  former  category,  and  bb  Broadbeat* 
lirst  pointed  out  (in  regard  to  Mun)  we  have  evideuce  to  show  that 
movements  of  this  class  may  be  efjually  well  evoked  by  a  stimaln* 
passing  from  either  side  of  the  Brain  to  one  of  the  halves  of  their^ 
donble  but  inlimately  oombinod  Spinal  Centres.  This  Ix-inp  so, 
wouhl,  perhaps,  be  a  matter  of  comparatively  little  imf>ortanca  fa 
Bueh  creatures  whether  some  particular  leading  sense  orf^ann,  sat 
&a  the  eyes,  were  renpectivelj'  in  structural  connection  llirougl 
their  optic  nerves,  with  the  h<ilf  of  the  brain  on  the  same  sii 
or  with  that  of  the  opirf)site  side. 

3.  Fishes  are  the  am'mals  in  whicli  we  first  6nd  a  cross  arrange- 
ment of  certain  important  Ronsory  channels.    Their  Optic  Nctvm 
decussate  in  a  very  complete  manner.f    We  do  not  know  for  <x»p*i 
tain,  however,  that  any  of  their  other  sensory  chann^^ls  are  similurlj 
disposed  ;  neither  is  there  any  evidence  to  prove  that  thefibrvs  000*1 
Btitnting  their  motor  channels  decussate  with  one  another. 

4.  In  Fishes,  then,  wo  have  to  do  with  what  may  be,  and  prob- 
ably is,  a  mere  parliul  initiation  of  the  cross  relation  between  the 
Brain  and  the  body ;  and  it  se*'mB  conci'ivuble  that  sach  a  relation 
may  have  been  dftermined  in  some  of  the  earliest  Fishes,  or  at 
least  favoured,  by  two  or  three  of  the  physical  pcruliarities  of  such 
creatures.     The  elongation  of  the  head  of  a  Fish — a  conformatioikj 
which  is  doubtless  in  intimate  relation  with  the  animal's  life  nn< 
movements^  in  an  aquatic  medium — together  with  the  lateral  posi«l 
tion  of  its  eyes,  may  have  hod  Homething  to  do  with  the  fact  of  th»^ 
occurrence  of  a  decnsHation  of  the  budding  optic  tracts  in  Homc  oi 
the  early  forma  of  Fi;*hes.J 


♦  "Bi-it.  and  For.  Med.  Chir.  Review,"  1886. 

f  Though  according  to  Siebold  an  exception  to  this  rule  is  to 
found  iu  the  case  of  Bdnllosloma,  one  of  the  Alyxiooid  or  lowest 
class  of  Fishes. 

t  Marehnll  ("  Outlines  of  Physiology,"  vol.  i.  p.  6f,2)  endt-avoui 
to  account  for  this  one  primary  decnseation  by  soppoHing  it 
depend  upon  the  liitenil  reversion  of  optic  images  occasioned  bl 
the  concave  shape  of  the  retina  in  Fishes.     But  his  reasons  seea^ 
unsatisfactory,  because  with  a  Bimilurly  shaped  retina  no 
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5.  But  when  distinct  limba  appear  in  higher  Rt*ptile8.  and  when 
n  Binis  and  Mammals  the  morements  of  more  or  less  similar  limbs 

become  increasingly  volitional  and  independent  of  one  another,  two 
uilditional  results  mi^^ht  be  expected  to  follow  the  primary  decussa- 
tion of  the  Optic  Norvca  (howsoever  this  may  have  been  deter- 
mined):— (a)  ihofie  other  '  pensory  *  channels  whose  imprtfssion8  are 
most  concomed  in  the  infittg^ition  of  limb  movements  would  alsrj 
tend  to  decussate,  because  it  wonldbe  very  essential  that  moreor  le-ss 
anilnteral  Tactile  and  Auditory  ImpresBinns  should  be  brought  into 
relation  centrally  with  Visual  Impressiuns  comin;^  from  the  same 
side  of  the  body;  (/*)  cuincidently  with  the  estiLbliiihment  of  a 
decusHution  of  the  *  sensory  '  chunnels—und  especially  thoj^e  of  the 
Tactile  Sense  and  common  aenMbility — in  animaU  accui^tomod  to 
j*»Trorm  unilriteral  voluntary  movements,  we  niight  expect  that 
there  would  be  a  tendency  to  the  eMtJiblisbment  of  an  answering 
cross- relation  between  the  '  motor'  channels  of  the  Cerebro-Spiuul 
System.  Thns,  that  half  of  the  Brain  which  has  first  received  the 
instigating  sensorial  impressiona  would  be  enabled  to  send  forth  the 
ni'^Uir  stimuli — both  for  the  rt*flex  and  for  the  volitional  movements 
of  limbs  on  one  side  of  the  body.  And,  if  there  is  to  be  no  separate 
decussation  for  the  channels  of  rcHex  and  volitional  motor  incita- 
tiontt  respectively,  such  crossings  of  motor  channels  as  we  find 
exixting  iu  the  Medulla  of  Man  and  many  other  Vertebrates  (i.e. 
at  the  'decussation  '  of  the  Pyramids)  wonld  seem  to  be  the  only 
natural  arrangement. 

6.  This  more  complete  cross  arrangement  pcema  only  to  b© 
perfected  to  the  extent  indicated,  iu  higher  Mammals  and  in 
Man. 

relation  exists  in  CuttlefKshcs ;  secondly,  because  there  is  no  evidence 
to  show  that  the  '  moti^r  *  chaatiels  undergo  any  simitar  decu8sntioa 
(though  this  hypothesis  assumes  its  existence)  in  the  lower  limbleas 
Vertebrates,  iu  whom  the  decussation  of  t)io  optic  tracts  becomes 
initiated;  and,  Ihirdlyi  because  the  experience  of  workers  with  the 
niicroHCopo  tends  to  show  the  case  with  whicli  adaptation  of  the 
movements  of  the  hands  to  meet  the  case  of  a  reversal  of  tie  optic 
image  involving  na  it  does,  moreover,  a  rcvcrBal  of  npper  and 
wer,  as  well  as  of  lateral  parts— is  bnuight  about.  This  latter 
n  helps  to  show  that  no  important  anatomical  changes  would 
needed,  as  Marshall  seems  to  suppose,  to  meet  the  case  of  a  more 
reversal  of  the  optic  images. 


I^Jower 

^Kaso: 
^Tenc« 
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7.  A  cross  arrangemont  of  senBory  channels  \rould  seem  to 
loss  eftficntiul  in  the  nuse  of  Tasto  and  Smell  than  for  either  of  1 
other  kinds  of  inguing  impreaKions,  Grst,  because  the  organs  8ub»er- 
viont  to  these  endowments  arc  sitnated  more  in  the  middle  line  of 
Die  body  than  either  of  the  others;  and,  secondly. becaiive  Liopre«sions 
of  Taste  and  Smell  arc  perhaps  Ic-is  immediately  provocatWe  Ihrnn 
thrjse  of  other  senses,  of  unilateral  limb  movements.  The  uenrei 
of  Taste  being,  however,  boftnd  up  with  or  forming  part  of  two 
nerves  of  common  sensibility  (the  Fifth  and  the  Glosso-pharyngMl) 
they,  as  it  were,  follow  the  lead  of  the  nerve  tmnks  to  which  they 
lielung.  and  decussate  with  them.  Bnt  in  regard  to  Olfactory 
channeU,  it  is,  as  matter  of  fact,  notable  that  they  are  the  only 
ones  iu  which  no  decussation  is  known  to  occnr.  cither  in  the  lower 
animals  nr  in  Man.  The  Olfactory  Centres  of  the  two  hemispheres 
nre,  however,  very  amply  connected  by  ineans  of  commissoral 
fibres— principally  gathered  together  in,  and  for  the  most  part  cob- 
stitnting.  the  'anterior  commissure.' 

Thus,  in  brief,  the  writer's  view  is  this:— That  the  cross  rehitioa  i 
between  the  halves  of  the  Brain  and  the  body  may  have  been 
initiated  in  some  Fishes  in  a  quasi-QCcidentaJ  manner,  and  that 
in  the  first  stage  of  its  cxiKtonco  it  was,  and  still  is,  represented 
only  by  the  decupsatiun  of  the  Optic  Tracts ;  that  in  higher  animals 
possessed  of  well'formed  limbs  reflex  and  volitional  movements  ot 
those  of  one  nide  are  very  often  evoked  in  response  to  unilateral 
sensory  stimuli,  so  that  in  such  creatures  there  wonid  be  a  dis- 
tinct advantage  if  other  sensory  channels,  by  decussating,  were  to 
be  brought  into  relation,  at  their  central  termini,  with  thoce  of 
the  Visual  Sense;  finally,  the  same  intlnences,  whatever  they  may 
be,  which  determine  this  adiiitional  sensory  decnssation,  would 
lead  to  an  establishment  of  the  equally  necessary  aeqaeutial  de- 
cuHsatiou  of  the  motor  channels  for  the  limbs.  The  cross  arrange- 
tnent  of  sensory  and  motor  channels  met  with  in  Man  and  higher 
Mammals  is,  therefore,  to  be  regarded  as  an  almost  necessary 
sequence,  from  the  point  of  view  of  the  evolution  theory,  of  a 
primary  and  perhaps  qua  si- accidental  decussation  of  the  Optin 
Tracts  in  Fishea. 
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2.— The  Functional  Relations  of  the  Cerebral  Hemi- 
spheres with  one  another:  the  Duality  of  Body 
and  the  Unity  of  Mind. 


The  two  Cerebral  Ilernispberea  are  now  generally 
kflmitted  to  contuiu  the  ullimnte  prolonffations  of  iho 
*  ingoing '  nerves,  or  nerves  of  Sense,  and  to  be  constituted 
by  the  aggregation  of  the  organic  centres  (abundantly 
interconnected  by  *  commissurar  fibres)  of  ull  tboBeLi*^ber 
mental  processes  wbieh  we  linvo  traced  as  derivatives  of 
the  exercise  of  conscious  Sensibility^  vis,,  the  specially 
uutoniiitic  processes  of  Perception,  Ideation,  Emotion, 
Conception,  Reasoning,  togetbcr  with  the  more  volitional 
processes  of  Attention,  Kecollection,  Imagination,  and 
Constnu'tive  Thought.  The  Cerebral  Hemispheres  con- 
tain, however,  in  addition  to  the  Sensory  Centres  and 
those  for  the  derivative  processes  above  indicated,  multi- 
tudes of  fibroa  and  some  Centres  for  the  conduction  and 
proper  grouping  of  '  outgoing  '  currents. 

Of  the  various  transverse  commissures,  already  described, 
that  connect  these  parts  with  one  another,  one,  of  more 
importance  than  the  others,  now  deserves  some  further 
attention.  This  is  the  great  transverse  commissure,  or 
Corpus  Gallosum,  whicli,  shewing  itself  (irst  in  lower 
MammiilH,  increases  in  size  in  higher  members  of  the 
series,  till  wo  find  it  attaining  its  maximum  development 
in  the  brain  of  Man,  As  slated  in  the  lust  chapter,  the 
fibres  of  the  Cori)us  Ciillosum  pass  across  from  Hemis- 
phere to  Hemisphere,  so  as  to  bring  into  relation  corres- 
jiondin*;  ureas  of  couvolutional  Grey.  Mutter,  It  does 
not  pass  equally  between  all  convolutions,  but  especially 
hctween  those  which  are  also  in  relation  with  the  great 
basal  ganglia  (Broadbent).  The  Anterior  Commissure, 
though  a  morphologically  distinct  partj  seems  tu  have  an 
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essentiiilly  parallel  function,  since  its  Gbics  also  scn'o  i<f 
connect  similar  couvolalious  on  tho  two  sidcB— viz.,  some 
of  those  situated  in  the  Temporal  Lo1>cs.  A  similar; 
function  must  also  Le  assi^uetl  to  tho  '  Psultcrial  Fibres,' 
'which  in  pnrt  constitute  the  posteiior  bent  portion 
('  genu ')  of  the  Cuqms  Callosum  itself  {p.  443,  note  f). 

Those  transverse  '  commissural '  fibres  are  of  much 
interest,  becuntie  there  is  reason  to  believe  that  they  arc, 
to  a  considerable  extent,  in  relation  with  that  uuiticAtion 
of  Conscionsness  which  unquestionably  exists  (as  everyone 
can  testify)  in  spite  of  tho  fuel  that  the  orfjans  of  Sensorial 
Activity  are  double  throughout.  Such  Commissures  are 
also,  in  all  probability,  very  esscntiul  for  the  carrying  oa 
of  the  hit;ber  mental  processes.  In  cases  recorded  by 
Dr.  Langdon  Down  and  others  the  non-development  of 
this  part  of  the  Braiu  iu  human  beings  has  been  asso- 
ciated with  mure  or  less  marked  Idiocy ;  but  then^  the 
arrest  of  development  has  for  the  most  part  not  been  strictly 
limited  to  the  Corpus  Callosum.  The  Middle  Commis- 
sure, the  Fornix,  or  some  convolutional  regions  have  been 
often  at  the  same  time  deficient.  In  some  of  the  recorded 
cases  in  which  the  Coi'pus  Callosum  has  boco  only  partially 
absent,  there  has  been  less  degradation  of  the  Intellectual 
Powers  than  might  have  been  anticipated.  In  certain  of 
these  latter  cases,  however,  tho  persons  have  either  died 
so  young,  or  the  morbid  conditions  have  been  so  com- 
plicated, as  to  make  them  of  comparatively  little  value 
for  seltlintj  tlie  question  as  to  the  real  importance  of  the 
Corpus  Callosum  in  the  carrying  on  of  mental  processes.* 

According  to  the  anatomical  data  furnished  by  Bro&d- 
bcritf  it  is  the  Sensorial  Begioua  of  the  two  hemispheres 

•  See  Knox,  in  "  (ila^j^'ow  Medical  JoDrnal,"  April,  1875,  when 
Cfteon  costM  are  referred  lo. 
t  See  p.  44i  ^  , 
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(or  the  Sensorial  flud  what  some  rogiird  as  the  Volitional) 
which  are  imnietliatfly  brought  into  relation  by  means  of 
the  Corpus  Cullosura.  But  even  if  this  suitposod  arrange- 
tncnt  be  the  one  that  actually  exists,  it  would  by  no  means 
indicate  that  the  organic  seats  of  the  more  complex  derira- 
tivo  processes  are  not  also  mediatrJt/  brought  into  relation 
with  one  another.  The  more  specialized  Emotional,  Intel- 
lectual, and  Vohtional  Regions  in  each  hemisphere,  wher- 
ever thty  may  he,  and  however  they  may  be  related  to 
one  another,  are  necessarily,  by  means  of  the  'association 
system*  of  fibres,  brought  into  intimate  communion  with 
their  corresponding  Sonsorinl  Itegions  of  various  kinds.  It 
is  in  this  indirect  way,  therefore,  that  tlio  higher  functional 
regions  of  the  two  Henusi^herea  may  be  brought  into  rela- 
tion with  one  another,  through  the  medium  of  the  fibres  of 
the  Corpus  Calbjsum.  There  is  manifestly  a  unity  in  our 
Emotional,  IntelkctuaK  and  Volitional — as  well  as  in  our 
Sensorial  Consciousness— that  is,  in  the  '  derivative  '  as 
well  as  in  the  *  primary  *  mental  processes. 

There  can  l>c  little  doubt  that  Sousorial  Activity  and 
the  action  of  those  portions  of  the  Bruin  which  are  directly 
concerned  therewith,  affords  the  i)riniary  or  essential  basis 
of  Consciousness.  We  are  most  fully  conscious  when 
we  are  most  receptive  of  external  impressions,  and  wa 
lapse  into  a  completely  or  partially  unconscious  condition 
when  the  advent  of  such  impressions  is  for  a  time 
prevented,  or  when  wo  are  intensely  absorbed  in  some 
train  of  thought  (Ideal  or  Reflective  Consciousness) — that 
is,  when  the  activity  of  other  portions  of  the  Cerebral 
Hemisidieres  in  some  way  dwarfs  or  eclipses  that  of  the 
sensorial  regions  proper.  An  admirable  illustration  of  the 
former  truth  has  been  lately  given  by  Dr.   Stiurapell,* 

.  ♦  "Pfliigor'*  Archiv,"  vul.xv  p.  ij73,aad  Lrundlatc^  in  "Nature," 
Dectinbor  13. 1877. 
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'which    is    80    instructive    as    to    he   worth   quoting  in 
full. 

"  In  the  autumn  of  laatyear  there  was  received  into  the  medi 
clinic  of  Leipzig  a  youth  aged  1(>.  in  whum  vurioua  phenomena 
anH?Rthesia  gradimllj  developed  themsolves  to  an  extent  which  has 
very  rarol)'  been  observed.     The  nkin   of  the  whole  anrfoce  of  the 
body  wna  comjilL'tely  insensible,  and  that  in  resjiect  to  every  ki 
of  fiensatioii.    The  most  powerful  ekotric  current,  or  a  burning  ta 
held  to  the  skin,  was  not  able  to  prfxluce  any  pain,  or  even  a  ecn 
nation  of  touch.     Almost  all   the  accevuible  part«  of  the  mu 
membrane  of  the  hody  exhibited  the  same  inacnsibility  to  paii 
Also,  all  those  sensations  which  are  cliutscd  together  under  t 
name   of  •  muscular  sense'  were    entirely  absent.      The  patieni 
when  his  eyeH  were  closed,  could  bo  carried  about  round  Ibe  room 
)iis  liiTil>s  cnuld  l>e  phiced  in  the  most  iuconvenient  positions,  with- 
out his  being  in  any  way   conscious  of  it,     Kvcu  the  feeling  of 
muscnlar  exhaustion  was  lost.     In  addition,  there  came  on  al«o  a 
complete  loss  of  taste  and  smell,  amaurosis  of  the  left  eye,  and  dc^- 
ness  of  the  right  ear. 

in  short,  hiTe  was  an  individual  whose  only  connection  wii 
the  outer  world  was  limited  to  two  doors  of  sense — to  his  ooi 
(right)  eye  and  hia  one  (left)  ear.  Moreover,  both  these  rerauining 
doors  could  at  any  time  be  easily  closed,  and  in  this  wuy  it  was 
poRsible  to  investigate  the  conseqnenoes  of  completely  imtluting  the 
bmiii  from  all  external  stimulation  through  the  aenves.  I  have 
frequently  mailo  the  lullowiiig  exixTimeut,  and  often  showed  it 
others : — If  the  pati<fnt's  seeing  ejre  was  bandaged  and  liis  hcarin; 
ear  was  stopped,  after  a  few  (usually  frum  two  to  three)  miou 
the  expression  of  surprise  and  the  uneasy  movements  which  at  fi 
showed  themselves  ceased,  the  respiration  became  quiet  and  reg 
lar;  in  fiiot,  the  patient  was  aouud  atUep,  Here,  therefore,  t 
possibility  uf  artiHciuUy  inducing  sleep,  at  any  time,  in  a  person 
simply  by  withholding  from  the  bruin  all  stimulation  by  meuua  of 
tliD  Houses  was  realixed. 

The  awakening  of  the  patient  was  as  interesting  as  the  sending 
him  to  sleep,     lie  cotilJ  be  awakened  by  an  auditory  stiraolati 
as,  for  example,  by  culling  into  his  hearing  car,  or  by  visual  «tim 
latiun,  by  allowing  the  stimulus  of  light  to   full  0[>on  hia  seei 
eye;  but  h«  could  not  be  wakened  by  any  pu&hing  or  shaking.    I 
he  was  left  to  himself  he  did  cveutuuUy  wake  np  of  bin  own  accord 
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in  course  of  the  day,  af^er  the  iiU'^p  had  lant^^d  many  honnt;  the 
Bw-ul;enii]g  Leiiig  due,  it  niiitht  be,  to  iutrinBio  stimuli  started  in 
the  brain,  or  it  might  be  to  slight  external  unavoidable  atimtili  act- 
ing through  his  atill  functiunul  scntKi  organs,  and  making  them- 
selves felt  iu  consequence  of  ttie  flensitivoueas  of  the  braiu  bein^ 
increased  during  the  repose  of  sleep." 

Nothing  oould  show  more  distiuclly  than  sucli  a  caso  as 
this  the  importance  of  the  activity  of  the  Sensorial  Regions 
of  the  Hemispheres  for  the  production  of  what  wo  know 
as  Conscioasness.  It  seems  clear,  indeed,  that  if  Con- 
sciouBDCss  is  not  iu  some  way  an  immediate  appanage  of 
the  actiWty  of  these  very  regions  of  the  Hemispheres, 
their  activity  is,  at  all  events,  an  essential  forerunner 
of  that  of  florae  other  regions  between  whose  activity 
and  Consciousness  there  is  such  an  immediate  associa- 
tion. 

Ou  the  other  hand,  it  is  equally  clear  that  the  stimulat- 
ing sensorial  impressions  are  double,  coming  to  each 
Hemisphere  of  the  Brain  from  opposite  halves  of  the  body, 
and  that  their  subjective  acconipaii  iments  arc  merged 
into  A  single  Consciousness  of  this  or  that  kind.  The  final 
proof  of  this  position  is  afforded  by  the  effects  of  injury 
to  certain  portions  of  the  Brain  on  one  side  only  in  some  of 
the  lower  animals,  and  by  the  effects  of  unilateral  disease 
of  corresponding  regions  of  the  Brain  in  Man.  Thus,  where 
we  have  to  do  with  injury  or  with  diseaKc  of  the  posterior 
third  of  what  is  known  as  the  '  intc^mal  capsule ' — that  is, 
of  tliat  portion  of  the  expansion  of  tlie  Cerebral  Peduncle 
wliich  lies  between  the  posterior  part  of  the  Corpus  Stria- 
tum and  the  Thalamus — there  is  found  to  be  complete 
loss  of  sensibility  ou  the  opposite  half  of  the  body  (Hemi- 
amtsthesia).  No  touch  cau  be  felt,  and  all  the  other 
avenues  of  sense  on  this  side  are  similarly  closed — the 
tongue  and  side  of  the  mouth  are  dead  to  davours,  the 
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ear  is  dead  to  sounds^  the  eve  is  blind,  aud'lLe  coiresiiond* 
injjj  nostril  is  Rimilarly  insensitive  to  all  odonrs.* 

But  in  Henji-ana!iisthoBia,  altliuugb  tlm  areuues  of  Benso 
are  closed  on  one  side,  the  genorul  Consciousness  of  tha 
individual  appears  to  remain   unaffected,  and   his  Men 
Activity  may  be  but  little  impaired.     This  coniparativ** 
unaltered  mental  condition,  notwithstanding  the  abacuco 
of  direct  sensorial  stimulation  of  one  Hemisphere,  Is  pro' 
ably  possible  only  through  the  intervening  activity  of  tl 
Corpus  Callosum — since  by  means  of  its  fibres  the  stimul 
to  the  one  side  of  the  Brain  may  be  propagated  to  the  other 
Both  Hemispheres  may  thus  be  brou*,dit  into  relation  nitU 
the  various  sensorial  stimuli  emanating  from  one  side  of 
body;  and  in  this  way  it  is  possible  for  the  general  Co 

•  Tbe  explnnntion  of  the  losa  of  the  aetiM  of  Smell  in  the 
rea|»onding  nostril  presents  some  difficalties.  It  seems,  at  fi 
si>;ht.  to  bo  altogether  at  variance  with  anutoraical  facts,  since  th#' 
relutions  of  the  organs  of  smell  with  the  hemispheres  are,  as  already 
painted  out  (p.  4*^8),  exceptional.  They  are  certainly  direct  rath 
than  crossed,  and  it  would  also  tend  to  contradict  existing  a 
tomical  knowledge  if  fibres  from  the  Olfactory  Gan;^lia  on  t 
road  to  their  '  perceptive  centres  *  were  t*  be  found  any  wliere  in  t 
neighbourliood  of  the  posterior  [Mirt  of  the  corona  radUita.  But  a 
very  plauHihte  explanation  of  the  loM  of  the  nense  of  Smell  in  tht-so 
cases  of  JJeuii-anteaihe^ia  is  to  be  found,  as  Dr.  Ferrier  points  out 
('* Functions  of  the  Brain,**  p.  VM),  in  tbe  well-known  experiments 
of  Magendio,  as  to  the  functions  of  the  tilth  nerve.  He  aaoertuined 
that  Smell  was  lost  when  tlie  sonsibUity  of  th«  nostril  waa  a 
lished~^.«;.,  after  the  tifth  nerve  had  been  cut ;  not  becanse  the  fii 
ii*  the  nerve  of  Smell  pro])erly  so  called,  but  because  "  tho  integri 
of  the  fifth  is  necessury  to  the  dae  ftincUoDid  activity  of  the  ol 
tory  nerves."  If  the  ur.iluternl  loss  of  Snioll  in  these  ea&es 
IK'nii-ann^sthesia  l>e  reiilly  duo  only  to  the  loss  of  common  sen 
btlity  in  thu  corresix^nding  noslri).  then  the  same  losa  of  Smelt 
ou)j;ht  to  occur  in  Man  with  those  Icidons  of  tho  *  pons  Varolii'  ii 
which  the  common  seuriibittty  of  one  f>idc  of  the  body  is  annulled 
and  the  writer's  experienco  leada  him  to  ticliovo  that  this  luu  d 
occur  in  iuch  cases. 
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»ciousues8  of  the  iiulividunl  to  remain  uDaltered,  even  in 
the  absence  of  Bensorial  Btimuli  from  one  half  of  tho  body. 

It  is  ruoRt  importnnt  to  recollect  that  the  results  above 
described  follow  lesiona  of  the  pofltcrior  third  of  the 
Cerebral  Peduncle,  just  before  its  fibres  come  into  rela- 
tion with  the  Tlmlamna.  The  ofTects  are  voit  different 
uhen  lesions  exist  nbove  or  outside  the  great  '  basal  gan- 
glia'  (see  p.  498),  even  thongh  these  lesions  may  involve 
extensive  destruction  of  one  Hemisphere. 

It  is  only  in  the  sphere   of  tho  three  higher  senses. 


z 
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Fin  171.— Trun»ifep*o  sccUou  throiig-h  tlic  L'crcbnini  uf  ft  DDg  DpjHRilo  tlio  middle 
of  ths  TbAliiml,  ibuwluK  ttju  portion  uf  Uio  '  liit«nicJ  ca}«ule,*  tltn  B«tit(<>n  of  wblcb 
pToducMi  lltiinl-aiUDBUUMriik  (Cbarcot  ikftcr  l>uret.)  O,  0,  Tluluiul  citiuwolod  b; 
Mtddla  or  Sofc  Commlwuro;  P,  P,  poatotior  third  uf  Ccnbnil  I'cdiinvlu  ('iutcmal 
LiipMulo ').  Ou  1  be  t\zM  vide  these  flbrca  are  ro(>rQaeQted  u  cut  aoruu  at  r  :  S,  iutm- 
Vcntricitliu-,  and  L,  oxtra.ventrlL'uUr  Coryu*  StriMtuin. 

however,  that  a  blending  of  the  subjective  accouipanimcnts 
of  impressions  fi*om  tho  two  sides  of  the  body  occurs,  so 
as  to  produce  single  Perceptions.  An  object  which  Is 
smelt  is  perceived  as  one  ;  a  body  which  is  seen  is  recog- 
nized  as  single  ;  and  similarly  a  sound,  thongh  stimulat- 
ing both  auditory  organs,  is  heard  as  one  sound.  And 
although  we  can  localize  gustatory'  impressions  to  one  or 
other  side  of  the  mouth,  when  our  attention  is  directed  to 
the  subject,  we  are  not  accustomed  to  do  so,  and  there  would 
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be  little  use  in  innking  siu*h  discrituinatious.  Tbe  ca&c  it 
altogether  different,  however,  in  regard  to  the  sen&e  of 
Touch,  or  common  sensibility.  By  means  of  Smell,  Sigbt, 
and  Hearing'  wo  are  brought  into  relation  with  distant 
phenomena,  but  in  the  exercise  of  Taste  and  Touch  there 
is  actual  contact  with  different  portions  of  the  extended 
surface  of  our  bodies,  und  therefore,  in  the  hitter  case  more 
especially,  there  ought  to  be,  as  there  is,  a  thorough 
independent  power  of  appreciating  the  impressions 
pinning  upon  each  siile  of  the  body,  aud,  indeed,  of  proti 
aucurutely  localizing  them. 

This  unity  of  result  accompanying  the  action  of  a  gi 
part  of  the  Sensoriul  Regions  of  the  two  Hemispheres,  afl 
well  as  in  those  whicli  are  Hubser\'ient  to  Emotional  and 
Intellectual  Acti\ity,  is  vary  remarkable,  and  difficult  to 
understand,  especially  if  we  bear  in  mind  the  fact  that 
there  is  not  even  a  perfect  symmetry  in  the  naked  eye  con- 
formation of  many  of  the  homologous  Convolutions  of  the 
two  sides  (to  say  nothing  of  their  microscopical  structure); 
that  their  vascular  supply  is  independent,  and  therefore 
subject  to  variations  which  may  affect  one  side  only ;  and 
that  an  inequality  of  working  power  on  the  two  sides  might 
also  easily  bo  bronglit  about  by  some  inherent  or  acquirt-d 
differences  in  the  molecular  (or  functional)  activity  of 
the  corresponding  nerve  elements  on  the  two  sides  of  the 
Brain. 

Kotwitbstandiug  our  difficulty  in  comprehending  how  a 
double  mechanism  of  this  kind  can  work  as  it  does,  so 
as  to  lead  to  a  single  Consciousness,  or  so  as  to  enable  it 
to  carry  on  the  processes  of  a  single  Thinking  and  Willing 
pcrsouoiity,  the  facts  of  our  own  Consciousness  may  assure 
each  one  of  us  that  it  is  so. 


Yet,  though  it  may  be  the  rule  for  the  two  Hemlnpheres 


ri 
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to  bo  CAlled  into  siiuulliineous  and  humioniouB  activity  in 
Perception,  Emotion,  Tbou<,fht,  and  Volition,  evidence  is 
not  nltogothor  wanting  to  show  that  tlu-y  are  cnpuble  of 
working  more  or  less  independently — cither  {a}  where 
both  hemispheres  exist,  and  tlicro  is  a  supposed  luck  of 
harmony,  with  resulting  *  double  Consciousness '  ;  or  (h) 
in  the  more  positive  and  definite  cases  in  which  there  has 
been  no  impuirment  of  Sense  or  Intellect  noted,  although 
the  greater  portion  of  one  Cerebral  Hemisphere  umy  have 
been  destroyed.  On  each  of  these  subjects  a  few  words 
may  be  said. 

(a.)  The  evidence  in  fuvour  of  the  possibility  of  u 
separate  and  dissimilar,  thougb  simultuncoas,  activity 
of  the  two  llcniiapheros  of  the  Brain  is  of  a  veiy  doubt- 
ful nature,  thou^'h  there  arft  facts  familiar  enough  to 
physicians  which  have  been  thought  to  support  tbia 
notion. 

Tlie  question  was,  for  instunco,  raised  by  Sir  Henry  Hollnml*  in 
18-tO, — "  Whether  some  of  the  aberrations  of  mind,  which  conio 
under  the  name  of  inoanity,  aro  nut  duo  to  incongruoas  action  of 
tbia  double  structure  [the  two  hcmiapheroaj.to  which  i>erfcct  onity 
of  action  belongs  in  the  healthy  etute?"  He  adds: — "  Tlie  sub- 
ject is  very  obscure,  and  all  proof  of  difficult  attainment;  but  I 
think  it  more  prub;iblc  than  otherwise  that  such  inequality  may  be 
a  cause  of  some  among  tlie  many  forms  of  mental  derangement. 
....  It  bus  been  a  familiar  remark  thut  in  certain  states  of 
mculal  derungcmcnt,  aa  well  as  in  some  cases  of  hysteria  which 
border  closely  upon  it,  there  appear,  aa  it  were,  two  minds ;  one 
tending  to  correct  by  more  just  perceptions,  feelings,  and  rolitions, 
the  aberrations  of  the  other ;  and  the  relative  power  of  the  two 
influences  varying  at  different  times.  .  .  .  It  is  remarkable 
linw  tliattnct  an  expression  to  this  effect  may  occasionally  be  hud 
from  patients  themselves,  I  have  recently  seen  a  case  of  which 
the  most  marked  feature  was  a  freqnent  and  tjudden  outbreak  of 
passion  upon  subjects,  partly   real,  partly  dehioive,  but  generally 

*  "  Medical  Notes  and  ReHcctlons,"  2nd  Ed.,  1840,  p,  172. 
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withoni  obTions  or  iiaffictent  reason  at  the  moment;  Xheata  ei 
atteiitled  will)  loud  scrouniing,  execrations^  and  acts  of  violeoot 
striking  or  breaking  things  within  reach.    Hen;  the  |»utlont  him.«e] 
described  to  me  the  kind  of  separate  consciousness   he  had  vrh* 
theee  violent  moods  were  upon  him;  his  desire,  bat  feelings 
inability  to  resist  them  ;  bis  satisfaction  when  he  felt  them  to  bo 
passing  away.     It  was  a  painfully  exaggerated    picture  of  ths 
strnggle  between  good  and  ill/' 

Nothing  much  more  dcfiiiite  could  thcu  be  said  upon 
this  subject,  nor  has  there  since  been  any  appreciabl 
advance  of  our  knowledge  in  regard  to  it.*  It  is, 
coarse,  possible  that  two  seemingly  simultaneons  slates  o! 
Mind  may  bo  never  strictly  coincident  in  time,  bo  that  in 
the  cases  to  which  reference  has  just  been  made,  there 
may  have  been  merely  a  rapidly  alternating^  action  of  the 
organ  us  a  whole,  rather  thifh  a  simultancoas  indcpendeni 
action  of  the  two  hemispheres  of  the  Brain.  Some  of  the 
phenomena  of  dreams  present  precisely  the  same  difficnl* 
ties — iudee<l  the  evidence  in  favour  of  a  double  Conpcioua* 
ness  is  here  even  more  striking,  since  most  of  us  may  b* 
ablt*  to  add  our  own  personal  experience  to  the  testimony 
of  others,  AVe  refer  more  especially  to  tliose  cases  in 
which  the  dreamer  appears  to  be  carrying  on  a  long  con- 
versation with  some  other  person  ;  where  two  distinct  trains 
of  thought  are  being  evolved ;  and  where,  occasionally,  there  i 
may  be  e\idence  to  show  that  the  whole  dnram  has  been  so  ^| 
rapidly  produced  as  to  make  it  more  easy  to  explain  the 
phtnoniiMia  by  the  supposition  of  a  simultaneous  and  inde- 
pendent action  of  the  two  Hemispheres  than  by  un  alter- 
nating different  action  of  the  Brain  as  a  M'hole.f 

•  Dr.  Wigan's  work  on  "The  Duality  of  the  Mind,"  l&i4,  ii  a 
diffuse  and  by  no  means  well-arranged  contribution  dealing  with 
tlio  snine  Hubject. 

t  The  conscioasness  of  the  dreamer  may  be  distinguished  um 
the  onme  of  Ideationul  Conscioasness,  from  the  ordinary  com 


CuAP.  XXIV.]         ruINCirAL  P.VUTS  op  THE  BRAIN. 


493 


(h,)  If  we  look,  on  the  other  Imtid,  to  the  question  as 
to  what  amount  of  Intt'lhn'tuiil  Power  is  possible  where 
ono  Hemisphere  of  the  Cerebrum  has  been  very  much 
ilamaged  or  atrophied  ;  there  cuu  he  little  doubt  that,  as 
a  rule,  tbo  psj-chical  powers  would  be  found  very  much 
blunted  or  paralyzed.  Tljis,  however,  is  fur  from  being 
universally  the  case,  for  there  are  instances  on  record  in 
whieh,with  atrophy  or  extensive  disease  of  one  Hemisphere, 
the  Intellectual  Faculties  appeared  to  be  in  their  normal 
condition. 

Prcsorvation  of  any  considerable  Mental  Power  when 
there  is  threat  darna«je  to  one  Hemisphere  is,  however,  very 
rarely  met  with  when  the  damage  occurs  late  in  life.  It 
is  much  more  likely  to  be  encountered  when  the  disease  or 
dama;^c  has  set  in  or  happened  in  early  childhood  :  at  a 
time,  that  is,  when  the  growth  and  textural  development 
of  the  Brain  is  capable  of  iinder*?oing  considerable  modi- 
fications that  may  fit  it  for  the  moro  or  less  isolated 
activity  of  the  one  Hemisphere — which,  in  the  cases  sup- 
posed, may  be  almost  all  that  is  possible.  Such  au  early 
onset  of  tlje  diseaso  is.  indeed,  found  by  the  writer  to  havo 
existed  in  many  of  the  best  authenticated  cases  belonging; 
to  this  category.* 

Perltaps  the  moat  remarkuble  of  all  the  coses  of  this  sort  on 
record  is  ono  which  was  observed  and  reported  by  Andral.  A  man, 
who  died  in  his  twenty-eighth  year,  ha<l  a  fall  wlu-n  three  years 
old,  after  which  he  continuod  paralyzttlon  the  left  aide.  The  right 
Lviui»phere  of  thu  brain  was  fouud  to  be  so  completely  atrophied 

nefifl  of  tlie  waking  state.  In  each  case  the  senRorial  regions  of 
the  hemliiphorcs  would  seem  to  be  the  initial  or  central  tracts  whose 
activity  is  ronsed— in  the  one  case,  by  real,  and,  in  the  oUier,  by 
revived,  Bensoriol  impressionH. 

•  "Atrophy  of  the  Left  Hemisphere.*'  New  Sydeaham  Soc., 
Tol.  li.  p.  153.  Several  caaes  are  here  referred  to  by  S.  Van  der 
Kolk,  including  the  one  recorded  by  AndraL 


494 


THE   KUNCTIONAL   RRLATIOXS   OF    illE 


tLat  a  great  part  of  ihe  *  piu  muter '  on  this  ri^ht  side  tbrnu-U  a  cy* 
in  which  Dot  a  truce  of  cereUral  njulter  reniniued.     'I'hia  ucmbr 
constitutod  tli«  upi»t'r  wall  of  a  larj^e  c«vjtj,  the  floor  of  whrt 
alone  was  formed  hy  the  Thalamus,  the  Corpus  Striatum  and 
the  pnrts  on  a  level  with  thvsc  two  bodies.     No  nervoos  malt 
Gxiatod,  thorcfore.  above  the  levol  of  the  great  ganglia  on  the  ngl 
bide — and  yet  Andral  says: — "Cot  individo  avait  re^u  dc  1*^1 
cation  et  en  avu.it  profit^;  il  avuit  une  bonne  m^jtooire;  sa 
(■tait  libre  ei  fucile;  son  intelligence  iHuit  celle  du   comrauD 
homniefl." 


ti«^ 


Cases  of  a  sinulur  cluiruL'ter  Lave  Llmmi  rt'conlrd 
Crnveilbior  ami  others,  and  it  is  a  remarkable  fact  th; 
there  Las  been  not  ouly  a  prosenation  of  sucL  an  amo 
of  Intollectiial  Power,  as  to  have  piven  tLe  appearance, 
all  evi'nts,  of  no  loss  in  this  direction,  but  tljat  the  spcci 
modes  of  Sensibility  (such  as  Sight  and  Hearing)  have 
not  been  abolished  on  eitLer  side — there  Las  been  no  u 
lateral  Blindness  or  Deafness  even  although  the  grea 
part  of  the  opposite  Heniiaphero  may  have  been  destroy 
TLiB  preservation  of  the  Rpecinl  senses,  in  such  cases,  the 
writer  bus  else^vhore  endeavoured  to  explain  by  an  exten^j 
sion  of  Broadbent's  Lv-pothesiK  concerning  the  single  o^H 
double  activity  of  *  motor '  centres,  to  the  problem  as  to^^ 
the  conditions  refrnlating  the  single  or  combined  activi(j| 
of  Ihii  '  sensory'  centres.* 

These  previously  recorded  coses  of  disease  of  the  greater  part 
one  Hemisphere  and  preservation  of  the  Bj>ecial  Senses  on  both  sid 
stand  out  in  notable  contract  with  the  more  recently  pablished 
of  lesion  of  the  posterior  third  of  the  'internal  cai«nle*  in  which 
i/t*mi-an(p//(t'*ui  has  been  produced  (seep. 4-SV).     In  the  latter cliua 
of  cuseK  there  is  a  limited  lesion  in  tlic  '  sensory  '  rejjpon  of  the  Cc 
bral  Peduncle  just  before  it  comes  into  relation  with  the  Thalamus 
whilst  in  tlie  eases  in  which  there  is  little  or  no  impairmeut  of 
Sense  on  either  side  the  lesion  has  mostly  involved  the  frontal  on 
parietal  regions  of  the  Hemisphere  above  the  level  of  the  Thalani 

•  "  Paralysis  from  Brain  Disease,"  1875,  p.  106. 
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And  Corpus  Strintum,  and  perbaps,  therefore,  without  much  impli- 
cating the  convolutionB  ctf  tbo  'IVmporal  Lobe,  which,  na  will  be 
shown  in  the  next  chapter,  ap[)ear  tu  coatain  ceutrou  or  rogiona  of 
Bpecial  importance  for  acnaory  perception.  These  latter  cases  are 
of  great  ialereKt,  but  more  accurate  information  would  be  required 
before  we  could  safely  come  to  any  doHiiito  opinion  in  regard  to 
them.  The  old  observations  were  not  made  or,  at  nil  events,  wero 
not  recoriled  in  that  rigorously  precise  manner  which  the  impor- 
tance of  the  Bobjcct,  from  oar  present  point  of  view,  clearly 
demands. 

Bnt  wLilst  onr  'Will'  is,  like  onr  Int<-llcct,  single 
(although  it  ia  the  product  or  nccoinpaninient  of  the  ac- 
tivity of  a  double  organ),  we  are  here,  on  the  occasion  of 
its  exercise,  brought  to  the  turaing  point  where  '  nientar 
gradually  give  place  to  'non-nicutiir  pLcuomena. 

The  outcomo  of  many  Volitious  is  to  be  found  in  mu»- 
cniur  contractions  and  I'ehaations,  and  the  mere  passage 
of  *  outgoing  currents  '  has  no  conscious  accompaniment  of 
ary  kind.*  After  the  Wish  or  DeKire  with  'a  sense  of  elTort' 
(wliich  together  seem  to  make  up  what  we  individually 
know  of  a  Volition — so  far,  that  is,  as  it  reveals  itself  to  ua 
as  ft  phase  of  Consciousness),  we  have  to  do  with  mole- 
cular currents  paKsiiig,  it  may  be,  through  several  sets  of 
fibres  and  cells,  but  having  no  conscious  side  whatever, 
and  apparently  lying  just  as  mneh  outside  the  sphere  of 
Mind  us  the  molecular  changes  in  the  muscle  which 
these  *  outgoing  currents  '  evoke. 

It  was  for  these  reasons  that,  in  an  earlier  chapter,  the 
writer  was  led  to  limit  the  sphere  of  Mind,  and  to  re- 
gard that  portion  only  of  the  Nervous  System  aa  it8 
organ  which  has  to  do  with  the  reception,  the  trans- 
mission, and  with  the  vastly  multiplied  co-ordinntions  of 

*  On  this  subject  see  what  Sir  VTm.  Hamilton  says  in  hia 
"Lectores,"  vol.  ii.  pp.  301,  302;  also  in  hia  **Disflertationa 
on  Reid."  pp.  86d.  807. 


496 


THE   FUNCrrONAL   RFXATIONS    OF   THR 


•ingoing  correntB*  in  all  kiuils  of  nerve  centres.  On  the 
other  hand,  we  were  hd  to  rej^ard  the  plieuoniena  of  the 
•outgoing  current '  as  non-mentnl,  and  the  regions  of  the 
nervous  system  concerned  therewitli  as  not  strictly  con- 
stituting parts  of  the  *  Orgnn  of  Mind.' 

Certain  it  is  that  directly  we  pass  from  the  purei 
mental  side,  or  from  the  starting-points  of  a  Volition 
find  two  main  pathways  hy  which  its  associated  stimuli  (in 
the  fonn  of  molecular  movenit^uts),  may  pass  away  from 
the  cortex  of  the  Cerehial  Hemispheres  to  Mnscles  on 
each  side  of  the  body. 

The  mnsclos  of  the  right  or  left  limbs,  or  such  gronp 
of  them  in  other  parts  as  are  nsually  called  into  act! 
independently  of  their  fellows  on  the  opposite  side  of 
body,  receive  their  '  volitional '  stimuli,  as  we  hare  stat 
only  through  tlio  Cerebral   Hemisphere  of  the  opp 
side.     But  bilaterally   situated  mnscles    that    habitna! 
act  together,  may  he  stimulated  indiflerently  from  eil 
HemiKpherc  (Broadbent),  owing  to  the  existence  of  in 
mate  commissural  connections,  binding  together  the  da- 
plicate  Spinal  Centres  in  relation  with  such  muscles  bo. 
closely  as  to  make  each  pair  in  effect  one  Centre. 

A  highly  important  exception  to  this  latter  rule  see 
to  exist,  however,  in  the  case  of  the  bilaterally  acti 
muscles  concerned  in  the  Articulation  of  Words — tliat  is, 
in  ordinary  Speech.  Usually  the  stimulus  that  passes 
over  from  the  Cortex  to  incite  these  muscular  acts  issaeB 
from  one  Cerebral  Hemisphere  only,  and  in  the  grest 
majority  of  cases  the  Left  Hemisphere  is  the  source  of 
such  Speech-incitations.  The  proof  of  these  statement 
and  fmlher  particulars  in  regard  to  the  paths  of  oatgoi 
stimuli  generally,  will  Le  given  in  subsequent  chapters. 
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3.  The  Functional  Relations  of  the  Cerebellum  with 
the  Cerebral  Hemispheres  and  the  Spinal  Cord. 

We  pass  now  to  another  subject  of  surpaBsitig  iatercRt 
bnt  of  great  obscurity.  What  are  the  functions  of  the 
Cerebellum?  Tbisis  u  queKtiun  which  Boerus  most  simple, 
though  it  is  one  that  has  por])lexed  physiologists  for 
over  two  centuries,  and  muy  still  be  eousidored  to  hold  its 
place  as  a  thorou*;rbly  unsettled  prnblom.  The  most 
varied  views  have  been  entortuiued  by  diU'crcut  physiolo- 
gists on  the  subject. 

\Vniii*  Hnd  oUiers  have  regarded  the  Cerebellum  B9  the  principal 
ropulnrtvc  centre  fur  iiivoUiDtiiry  movetnontH  as  well  as  for  Iho 
functions  of  ve),'titative  lil'e;  Koville  and  others  have  ro^ardi.'d  it  as 
a*BenHorium  commune,' or  jtrincipal  centre  for  ingoing  conscious 
impreHHiuns;  Gall  and  some  of  bit!i  followers  looked  upon  it  U8  au 
organ  cliiefty  concerned  with  tlie  'instinct  of  propiigation *  or  th« 
*iiexn;il  :)ppetite  *;  Fluureii^.  Lougct  and  others  have  tauf;ht  tbut 
the  Cen-U'lltim  is  the  seat  of  a  faculty  for  co-ordinating  volnntiny 
and  other  muscular  movements;  LussiLna.  endeavuuring  to  cxpluin 
the  modt  in  which  it  cu  orJinutes  voluntary  movements,  maketi  it 
the  seat  of  the  '  muscular  sense  * ;  lU'il,  Kutando,  and  some  moderu 
writers,  such  as  Lnys,  Weir-Mitcholl  and  others,  have  regarded  the 
Cerebellum  an  an  orj^m  lor  enizentleriajc  ami  diiitributirg  the  nerve- 
force  needed  for  the  instigation  of  alt  kirids  of  moveatents,  and 
even  for  stimulutiag  other  non-motor  nerve  centres.  This  by  no 
means  exhausts  the  list  of  views  wliioli  have,  atone  time  or  another, 
been  liehl  concerning  tho  functions  of  the  Cerebellum.  Other  no- 
Uona  in  regard  to  tliis  organ  will,  indeed,  be  referred  to  in  Rubse- 
qoeat  pages. 

How  are  we  to  choose  from  amongst  these  bewilderingly 
difTercnt  theories?  Vulpian,*  after  carefully  reviewing 
the  whole  sul»ject  in  1866,  felt  unable  to  accept  any  one 
of  them.  He  c^ntentrd  himself  in  tho  main  by  drawinf; 
certain  negative  conclusions.  *'  The  Cerebellum,*'  ho 
•  '•  I*a  phya'olog.  du  Syst.  Nervena,"  pp.  t>0l-6H. 
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Bai<l,  **  takes  no  part  in  cerebral  functioQS  proper, 
appears  to  have  notliing  at  all  to  do  with  the  manifeM 
tions  of  Instinct,  of  Intclligeuce,  or  of  Will."  AVLethl 
ahsolntoly  correct  or  not,  this  is  a  notion  commonly  cnl 
taiuetl.  On  the  other  hand,  that  certain  ataxic  disordert' 
of  movement  are  cansed  hy  lesions  of  the  Ccrebellom. 
Valpian  felt  compelled  to  admit ;  though  he  rejected  tho 
commonly  entertained  h^'pothesis  of  Flonrens,  that  it  Is 
**a  centre  by  which  the  co-ordiuation  of  voluntary  and 
other  movements  is  effected." 

The  great  uncertainty  that  has  always  prevailed 
regard  to  the  functions  of  the  CerelMtllum  is  due  to 
various  causes.  It  is  attribntuUo  partly  to  th6«  eoi 
plicacy  of  the  conuectious  of  this  organ  with  other  regii 
of  the  central  Nervous  System,  as  well  as  to  the  obscuril 
which  reigns  as  to  the  several  sources  of  its  'ingoing/  and 
the  destination  of  its  'outgoing,*  fibres — for  to  sapposa 
with  Luys  that  the  {K^duncles  of  the  Cerebellum  are  com- 
poBod  of  '  outgoing '  fibres  only  seems  to  the  writer 
opposed  to  fact  as  it  would  be  to  the  plin  of  Nei 
Centres  generally.  But  the  uncertainty  as  to  the 
functions  of  this  organ,  is  due  also  to  tho  variety 
obscurity  of  the  symptoms  resalting  from  its  injury 
any  of  the  lower  auimals,  and  from  a  like  variability 
relation  between  symptoms  and  lesions,  revealed  to  those 
who  study  tho  effects  of  diseases  of  the  Cerebellum  in  Man. 

T)ie8e  latter  variatioas  are  nltributable  partly  to  tbe  intiroato 
connection  of  the  Cerebellum  with  other  important  portioos  of  the 
Itrain.  Thia  loakea  it  ditlicnU  to  experiment  with  the  orgaa  in  this 
lower  animnU  •with<Mit  great  risk  of  irritniini;  or  injaring,  now  one, 
now  auotbL^r  of  thedo  adjacent  porta;  and  equally  difficnlt,  on 
other,  to  f^et  nncompUcatcMl  disease  of  the  Ueret>elliim — diaeaaethi 
JH  limited  to  this  organ  and  unaflsooiaied  with  itymptoms  resoltii 
from  prefistire  on.  or  irritation  of,  other  im|)ortaut  parte,  saoh 
Medalla  or  *  ponn  VaroliL* 
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But  tbe  effects  of  tYteforofroing  sonrces  of  nncertainty  are  pro- 
hahly  incrcawiJ  by  what  we  ahall  find  to  be  the  well-groundfid  con- 
stderuiion,  that  the  Corubcllum,  whatever  mny  be  the  jireciso 
nature  ot  ita  fuDctiona,  does  not  comniouly  act  alone,  bnt  in  a  very 
considerable  extent  in  conjunction  with  the  Oerehnim  in  tlie  per- 
formance of  ccrtiiiu  faDctiona  common  to  both.  ThuR  it  seems 
not  at  all  unlikely  that  iu  cases  of  injury  or  disenan  of  tb«  Cere- 
bellum there  may  be  some  oomponsatory  increased  aetion  of  the 
Cerebram — especially  where  the  disease  has  lasted  long  or  has 
commenced  at  an  early  nge,  as  in  the  case  of  atrophy  of  this 
orf^an  in  the  girl  exuniined  by  Combette,  and  wliose  case  is  re- 
corded by  Cruvcilhier.  Lastly,  another  cause  of  difficulty,  tending 
to  com|>licate  the  interpretation  of  tlie  results  of  disease  of  the 
Cerebellum,  may  arise  from  the  possibility  that,  in  the  case  of  uni- 
lateral lesions,  the  sound  hulf  of  the  or^n  may  be  capable  of 
taking  on  and  discharging  nttcr  a  fashi(in — perhaps  with  a  mere 
difference  in  degree— the  functions  of  the  disabled  part  (see  p.  500, 
note). 

In  the  face  of  all  these  diniculties  of  iulerpreUition  it 
may  be  well  to  turu  batik  aud  look  at  tbu  probknu  tis  to 
the  functions  of  the  Cerebellum  by  the  light  of  general 
principles,  aided  by  any  additional  illumination  which  wo 
mtiy  bo  capable  of  obtaining  from  our  raodorn  knowledge 
(so  far  as  it  goes),  uh  to  tb<i  precise  anutontical  connoc- 
lions  of  the  organ  with  dlHerent  parts  of  the  Cerebram 
and  with  different  tracts  of  the  Spinal  Cord. 

The  Gercbro-Spinal  System  of  Vertebrates  contaius  a  series  of 
*  sensory '  and  •  motor '  centres  throughout  the  whole  length  of  the 
Spinal  Cord  and  Medulla,  each  of  which,  whilst  capable  of  per- 
forming independent  functions,  is  also  in  inbordinate  relation  with 
other  higher  Nerve  Centres. 

Something  similar  obtains  among  Worms  and  Arthropods. 

Bnt  the  Brain  in  all  Vertebrates  differs  from  thatof  Invertebrates, 
in  the  fact  that  it  possesses  two  double  niori)hologically  distinct 
parts,  nnreprescnted  among  the  latter,  or,  at  least,  unrepreaented 
by  similarly  separable  parts.  These  are  the  Cerebral  Lobes  and 
the  Cerebellum.  Making  their  app<;arancc  as  comparatively  small 
segments  in  Fishes,  their  relative  size  aod  development  increases 


50O 


THK    rUNCTJONAI.    RUl.ATIOXS    01'    THE 


among  higher  Vortcbrat^Rt  *o  us  at  List  to  throw  all  other  dii 
of  the  BraiD  into  the  shade. 

Tbero  are,  therefore,  in  Vertebrates  some  fundamentiil  spcciuli] 
ttons  of  function,  wliii^h  are.  in  all  probability,  carried  macb  fartbc 
than  in  any  of  the  lower  animals,  the  existence  of  which  Apcma  !o 
boeomo  nmrked  by  the  development  of  parts  so  distinct  morpho^ 
logically  as  the  Cerebral  Lobes  and  Ihe  Cerebellum. 

Bnt  it  is  to  l>e  regarded  as  one  of  the  boat  establisbed  of  physu 
loi^ical  facts  that  the  Cerebnil  Hemispheres  or  Lobes  ora 
prinripnl  or^^ns  of  ConaciuQa  InteDigenco — including  under  tlii 
t«'rm  Sensation  and  IVreeption,  Ideation  and  Reasoning,  to{^ih( 
with  the  primary  phenomena  of  Emotion  and  Volilion.  The  twi 
HemispliercH  together,  tlicrefore,  constitute  the  supreme  or^nn.  tl 
loiit  term  of  the  Hcrien  of  ctMitroK,  in  which  'ingoing*  iiupmssic 
are  brought  into  relation  with  one  another. 

But  two  things  are  now  almost  ei.pially  certain  in  regurd  t*>  the 
Cerebellum:  tirsU  that  it  has  no  apprcciublo  share,  as  an  iitdcpeiK^ 
dent  organ,  iu  the  carrying  on  of  any  of  these  processes  which, 
their  totality,  arc  comprised  under  the  head  of  ConscioiiR  Intelli- 
gence; and,  secondly,  that  its  activity  is  unmiutakeably  mixed  up 
ht  nornn  wtiy  with  the  ntilmarH  power  of  execnting  Moveroeots.* 
In  what  precise  nmnuer  it  is  related  to  the  execution  of  More- 
uieuts,  and  to  what  MoTcmcntii  it  is  so  relute.d,are  the  problemi 
principally  requiring  to  be  soKed,  suJ  to  these  Hubjects  we  must 
now  turn  onr  uttentinn. 

If  we  look  then  to  the  fact  that  throughont  the  Nervons  .Systems 
of  lower  animals  'sensory'  and 'motor*  nerre  centres  exist  in  coiTt" 
latcd  paird;  if  we  look  to  the  simultaneous  ap])earAnoo  of  tbo 
t '(^robnil  Lobes  and  the  Cerebellum  in  the  animal  series;  if  we  c^m- 
Hidi^r  that  the  Cercbml  Lobea  or  Hemispheres  have  been  proveij 
to  be  the  supreme  ceutn.'B  for  'ingoing*  impressions;  and  if  the 
Cereliellum  has  been  almont  eipnilly  well  proved  to  be  a  great 
'motor*  centre  of  some  kiud,  it  seetns  a  fairly  legitimate  iDfereDea 
from  the  foregoing  facta  that  the  Cerebellum  is  the  Knpreme  motor 
centre  co-ordinato  wiLh  the  Cerebnim,  and  that   they    form    ths 


•  See  Owen,  "  Anat.  of  AVrtcbrates,"  ¥oI.  i.  pp.  487,  488.  Tbo 
hypothettis  of  Gall,  that  the  OereWllum  is  the  seat  of  the  'sexual 
instinct/  ho^  little  or  nothing  lo  }»  nM  in  its  favour  which  ma^J 
wot  be  otherwise  much  butter  explained  (see  '  Ferrier'a  Fund 
of  the  Brain."  p.  122). 
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tinal  *  s«iiiK>ry  '  aod  '  motor  *  conj>1e,  organized  or  attuned  to  some 

exteutt  lilio  inferior  conplen,  for  conjoint  activity. 

It  maj.  however,  be  at  onc«  acknowledged  that  the  relation 
botween  these  supreme  tii^oinff  and  outgoing  centres  in  Mun  and 
higher  animals,  mast  necessarily  be  very  different  and  much  more 
complex  than  that  existing  between  lower  couples  in  the  sacue 
animals,  or  than  that  existing  between  the  higlier  couples  of 
such  uutnials  as  a  Centi(.K.'cle,  a  Gasteropod  {fig.  *2~)  or  any  other 
Invertebrate. 

The  rt-lattons  between  ingoing  impresnions  and  responsive  actjunii 
tlirongh  the  intervening  tictivity  of  lower  centres  in  Man,  or  the 
bigher  centres  of  a  lower  animul,  nre  comparatively  simple  and 
direct;  but  in  higher  anitiiuls.  juHt  as  the  organ  of  Conscious  In- 
telligence inoraases  in  internal  cnmplcxity  and  bulk,  so  do  the 
chances  increase  of  the  intervention  of  complicated  nervous  pro- 
cesses between  the  reception  of  certain  Scnsorittl  Impressions  and 
any  actions  which  may  ultimately  result  therefrom.  -The  acts 
that  follow  in  such  a  case,  as  a  result  of  'deliberation,*  may  be 
of  a  new  and  nnaccustouied  order — consciouitly  conceived  and 
^■bstigated. 


i 


As  Sousorial  Conseioiisuess,  and  tlio  Iiitelligonco  that 
ws  out  of  itfl  exercise,  iiicreasos  in  iutensily  and  com- 
plexity, this  side  of  life  beconaes  all  engrossing  and  the 
nscionsnossof  the  animal  (or  its  Attention)  is  propoitiou- 
itcly  diverted  from  its  Viscera!  Sensations  and  Mo^emeIJ^9, 
ag  well  as  from  the  greater  part  of  the  multitndiiaons  '  auto- 
mntio'  and  *  secondary-automatic '  ^foTemcnts  concerned 
with  its  external  life,  or  'Life  of  Relation.'  Tbe  'area' 
of  Consciousness  is  limited  in  one  direction  and  widened  in 
another,  and  new  acquirements  would  never  bo  made, 
cither  in  the  sphere  of  Sense,  of  Intelligence  or  of  Volun- 
tary Movement,  unless  habitual  and  ever  recurring  Impres- 
sions  might  of  themselves  (without  engaging  our  Con- 
sciousness) evoke  related  Movements — that  is,  unless  these 
latter  could  be  executed  and  regulated  under  the  super- 
intendence of  some  great  centre  in  response  to  mere  *  unfelt* 
Impressions.     Thus  it  becomes  obnous  that  it  would  ba 
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higbly  adrantAgcous,  if  not  &l>solaie]jr  necemuj,  k 
animsls  in  uboro  Conscions  JjiU'lHgence  obtains  a 
deTelopment,  that  tbeir  prmcipal  motor  cenlre,  tLe  Cer^^ 
bellam  (and,  for  the  preacnt,  we  assume  it  to  be  some 
sach  organ),  should  be  in  relation  with  the  Tarioas  ^ib* 
going'  nerTCB  of  the  body  and  with  their  correspondini; 
nerve  centres,  from  the  lowest  to  the  highest— or^  at  all 
events,  from  some  of  the  lower  to  the  highest. 

By  itfl  connection  with  the  highest  *  sensory  *  centres, 
namely,  thoBe  of  the  cortical  grey  matter  of  the  Cerobmi 
the  Cerebellum  would  be  enabled  {n)  to  take  part  in  Volun- 
tary and  all  other  Jroveuieiits  which  follow  (immediately  or 
remotely)  the  instigation  of  Conscious  Impressions ;  and 
by  its  connection  with  lower  centres  of  different  grade 
it  would  be  enabled  (b)  at  the  instigation  of  'nnfelt' 
Impressions,  to  take  a  much  larger  share  in  the  productioi 
and  niftinteuanoe  of  complex  'antomalic'  and  'secondan'-^ 
autotuulic '  Movements  generally — just  such  a  share,  ii 
fact,  as  the  lower  spinal  motor  centres  take  in  the 
tion  of  8piual  *  reflex '  Movements.* 

llie  mechuiiiRm  of  Voluntary  Movements  will  be  sul 
quently  referred  to.  It  is  only  needful  here  to  point  out 
tliat  •  Volition '  proper  is  inseparable  from  Sensorial 
Activity,  Intelligence,  and  Reason,  so  that  the  starting 
points  of  Volitional  '  stimuli  *  must  be  somewhere  in  tho 


*  In  an  animal  ]ike  the  Frog,  iu  w}iich  the  Certibellam  is  rt 
Fmall  and  ill  •developed,  even  movements  of  luconiution  ore  capabU 
of  being  executed  under  the  ffuidanceof  the  Spinal  Cord  alone.  Itisl 
v<'ry  Burprinng  to  find  that  a  Frog,  whose  Cercbruro  and  CerebetlaA; 
have  b«en  defttroyed.  can  Btill  stand,  and  even  leap.  It  ia  surpris- 
ing, tliat  is,  if  we  look  at  it  from  the  point  of  view  of  what  would 
happen  to  one  of  the  higher  animals  under  similar  circumstances, 
hilt  much  less  so  if  we  consider  the  degree  and  kind  of  locomotor 
powers  that  would  be  possessed  by  many  Insects  similarly  ixmti< 
latiHl. 
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organ  of  Conscious  Intelligence,  viz.,  the  Cerebrum.  It 
is  tUe  *  Actuatiou,*  or  carrying  into  effect  of  a  Volition 
destined  to  issue  in  Movement,  which  devolves  upon 
Motor  Centres^  &ud  tliere  is  reason  to  believe  tbut  tbo 
Cerebellum  co-operates  with  the  Corpora  Striata  in  the 
reulizfttion  of  this  secondary  part  or  phasis  of  an  ordinary 
Volitional  Act  and  its  consequence. 


Two  principal  quGstions  present  themselves,  therefore, 
as  a  result  of  what  has  been  hitherto  said  concerning  the 
probable  functions  of  the  Cerebellum.  (1)  What  evidence  is 
there  to  show  that  the  Cerebellum  is  largely  concerned  in 
the  production  of  '  automatic '  and  '  secondary-automatic ' 
Movements  in  response  to  '  uufelt*  Impressions  ?  (2)  What 
evidence  is  there  to  show  that  the  Cerebellum  is  con- 
cerned in  the  execution  of  Voluutui^  Movements? 

Tlie  answers  to  these  questions,  so  far  as  they  can  bo 
vcu — and  that  by  way  of  suggestion  rather  than  as 
positive  atliruiatioiis — may  bo  best  set  forth  in  connec- 
tion with  some  statements  as  to  what  is  known  of  the 
composition  of  the  several  Peduncles  of  the  Cerebellum. 

There  is  reason  to  believe  that  it  is  principally  through 
the  intervention  of  the  Upper  and  Lower  Pedu,nde»  that 
the  Cerebellum  receives  impressions  of  an  uncouscious 
order,  which  enable  it  to  take  part  iu  the  production 
of  certain  responsive  *  automatic  *  and  *  secondary-auto- 
matic' Movements. 

The  reasons  in  favour  of  this  view  are,  first,  that  the  Upijer  and 
Lower  Peduncles  contain  many  different  kinds  of  'ingoing'  fibres, 
although  it  has  been  abunJautly  proved  that  the  Cerebdlam  is  in 
no  Bcnse  an  organ  of  Conscious  Intelligence;  Hecondly.  it  is  Hup- 
porttfd  by  the  fact  that  in  Pishes  and  Re[»tile8  these  Petlunclcs 
alone  exist — the  Middle  Peduncles,  and  with  them  the  *  pons 
'arolii,*  being  notorioualy  absent.  For  it  ie  reasonable  to  suppose 
int  the  mere  *aiitoinntic'   or  *  soiisori-moioi  '  functions  of  the 
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rercLellnm  would  bu  eHUtblitiheU  earlier  tlian  tbone  io  rvIuUon 
Voluntary  Actions,  in  animaU  in  whom  the  Cornier  cla«**  of  Mov*>- 
roents  arc  much  more  frequent  and  numerous  timu  Ihe  latter. 

To  suppose  IhtLt  the  ingoing  (or  'sensory*}  6bres  of  tiie  Cei^ 
bcHum  merely  convey  to  this  or^n  incitations,  which  oaaee  cvrtiia 
ganglionic  elements    in  its  coilical  Grey    Matter    to  'discharge* 
themselves   along    detinitely   correlated  outgoing  fibres  (so   as  to 
arouse  various  lower  Motor  Centres  in  particulur  modes  of  com* 
bination).  enables  na  to  account  for  the  sensory  relations   of  tlitfl 
l^pljeratid  Lower  Cerebellar  Peduncles  without  looking  upon  the 
Cerebellum  itself  as  a  kind  of  * Knsorium  eommujm* — as  it  was 
erroneously  regarded  by  Foville  and  others.*     Jf  it  i»  to  minititar 
to  the  execution   of  '  auturoatic '  MuvemontSt  instigated    by  all 
kinds  of  'ingoing*  Impressions,  it  is  obvious    that    it   must  be] 
brought  into  relation    with  these  (perhaps  mainly  through 'ibter«i 
nnneial  *  fibres),  though  it  is  not  at  all  necessary  that  the  innilem 
of  such  Impressions  upon  the  Cerebellum  should  be  attended  byl 
any  pba.ses  of  CiiusciouHuess. 

Lower  motor  centres  in  the  Spinal  Cord  are  in  immediate  rcU*i 
tion,  through  Mntemuncial '  iibres,  with  corresponding  Heaaory] 
centres.  The  Cerebollnm  woulJ  seem  also  to  be  in  relation  with 
muUitndea  of  6bres  of  this  type  reaching  it  from  more  or  leaf 
distant  'densory'  centres  of  different  kinds.  There  is  uo  morO 
reason,  however,  in  couHiqucnco  of  such  a  relation,  for  attributing 
'sensory'  functions  to  the  Cerebellum,  than  tbcre  would  be  for' 
attributing  similar  functions  to  the  grey  matter  in  the  anterior 
horns  of  the  Spinal  Cord.  Such  relations  with  '  sensory  '  noclci 
or  centres  pre  indispensable  for  a  Motor  Centre,  whether  its  potilion 
be  high  or  low  :  only  the  higher  it  is  the  mure  numerous  are  tfal 
connections  likely  to  be. 

Although  some  of  the  facta  concerniDg  the  connections  of  th« 
Cerebellum  with  'ingoing'  nerves  have  been  better  sulmtautiatedi 
in   the  llruius  of  lower  Vertebrat«B  than  in  that  of  Man,  they  ar« 

•  Or  without  having  recourse  to  any  such  hypothesia  as  thai 
of  Herbert  Spencer  ("  Princiidw  of  Psychology,"  vol  i.  p.  61),  to 
the  etftct  that  "the  Cerebellum  is  an  organ  of  doubly -comp(>aod 
oo-nrdinution  in  spaw,"  concerned  with  the  co-ordinution  of  co- 
CKiblent  Impressions  and  Act«,  just  as  the  *'  Cerebrum  is  an 
organ  of  doubly-compound  co-ordination  in  time,**  and  therefort 
concerned  with  sequential  Impressions  and  Acts. 
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w^aroely  lc»«  valuAlle  or  suggestive  on  tliis  acootiut,  mnce  the  funo* 
tinas  of  the  Ccrol»i(lUiii),  like;  its  nkimnto  8tnir.ture,  nre  probaUjr 
uniforih  in  kind  throii;jlioul  all  i-Irms«s  of  the  Vvrtebrulti. 

liy  moans  of  the  f.^pper  P^-lnneff*  there  i^  ^ood  reason  to  Iwliovo 
ttiut  tlic  Optic  Lobes  of  Fishes  arc  brought  into  immediate  relation 
with  their  rudimuntary  Oerebellum.  The  fibres  constituting  thetie 
jHMlnncles  piina  from  the  soptura  between  the  Optic  LobcH  to  the 
iiuvliun  portion  of  the  Ccreholluni.  In  Man  tlie  same  peduncles, 
starting  from  the  '  red  nucleus  *  in  the  sensory  trart  of  the  Cru-", 
decu!»M(ite  beneatti  the  Corpora  QiiudritreraiDo,  and  thence  proceed 
in  a  slightly  divergent  direction  to  the  anterior  portion  of  the  CWo- 
belliiiti.  [t  is  higtily  probable,  therefore,  that  in  Man  al.so  these 
Upper  re<)iin(les  in  i)urt  serve  to  bring  the  Optic  Centres  into  rela- 
tion with  the  Cerebellum. 

Asain,  according  to  Meynert,*  n  portion  of  the  great  root  of  the 
Fiftli  Nerve  or  'Trigeminus,'  lies  on  the  npper  and  outer  border  of 
this  Upper  Podnncle,  and  n  portion  of  the  root  of  the  Auditory 
Xorve  is  similarly  disposed.  In  some  Fishes  the  gnngllon  at  the 
ro<»t  of  the  Fifth  Nerve  ix,  according  to  Owen,  directly  connected, 
by  menn^  nTsomc  vertical  tibrfs,  with  the  Corebrllum. 

Thus,  though  almost  nothing  ih  known  as  to  any  relutitms  of  the 
Olfactory  Lobe  with  the  Cerebellum,  it  seems  certain  that  the  next 
throe  sensory  cranial  nerves  (viz.,  the  Optic,  the  Fifth  and  the  Au- 
ditory) come  into  relation  with  llie  Corcbellnm  through  it«  Upper 
Peduncles. 

But  it  seems  possible  that  the  various  cortical  '  Perceptive  Cen- 
tres'  in  the  Cerebral  Hemispheres,  may  also  be  brought  into  rela- 
tion with  the  Cerebellum,  by  intornnmial  fibres  passing  through 
the  *red  nucleus'  of  the  Tegmentum  and  tho  Tpper  Cerebellar 
Peduncles.  In  snch  a  caio,  these  fibres  might  convey  'afferent' 
stimuli  in  relution  with  IJoo-Motor  and  Volnnt.iry  Movements, 
whilst  those  coming  to  it  from  Sensory  Nerves  or  their  Gannliu 
may  convey  'afferent*  stimuli  capable  of  evoking  movetnents  which 
have  become  '  automatic  *  or  which  are  of  the  '  secondarj'-automatic ' 
order.  Other  fibres,  however,  next  to  bo  referred  to,  seem  also  to 
belong  to  this  latter  category.  Whether  tho  Upper  Peduncles  con- 
tain afferent  fibres  only,  wo  have  no  meuns  at  present  of  deciding. 

En«h  Low^r  P«duneU  of  tho  Cerebellum  in  Fishes  i«  In  olofio 
relation  with  the  two  *  visceral  *  sensory  nerves,  vix.,  the  Vagus  and 
•  Strieker'*  *'  ITistolosy,"  vol.  ii,  p.  460. 
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GIo880phiirynt;eat,  and  nlso  with  the  groat '  lateral  nerve*/  which 
are  uetKilly  tributarlL's  to  the  second  root  of  th<*  Vagus.  Tho 
whole  of  this  latter  root  enters  the  Lower  PediinclejoBl below,  or 
by  the  side  of.  the  CeroboUum.  This  relution  in  not  ao  dititinct  in 
Bome  other  Vertebrates,  thowgh  in  all  of  them  the  roots  of  the 
Vagus  are  in  close  relation  with  the  Lower  Pednncle  (or  '  rcstiform 
body ').  There  is,  moreover,  g<HxI  reason  for  believing  thot  the 
great  mujority  of  the  fibroH  of  these  Pedapclee  are  afferent  fibrvs. 
which  come  (pcrhaiM  by  a  doubly  dccussutiug  course  through  the 
Spinal  Cord  and  Medulla)  from  Viscera,  Mosclea  and  Skin,  on  the 
eaine  side  of  the  hoUy — instead  of  entering  them  directly  like  the 
groat  *  lateral  nerves*  or  the  Vagus  itself. 

Ijut  in  addition  to  senaory  nerves  from  inlcmul  and  external 
parts  of  the  body  generally,  the  Lower  Peduncles  of  the  Cerebellnm 
also  transmit  to  this  organ  numorons  fibres  of  the  Auditory.    Ti 
arrangement  obtjiins  in  Man  as  well  oa  in  lower  Vertebrates. 

In  reference  to  the  views  of  Cyon  (p.  218),  that  there  are  t 
diittinct  nerves  included  under  what  is  commonly  known  as 
Auditory,  it  ia  not  without  interest  to  6ud  some  of  itn  fibres  going 
to  the  Cerebellum  by  the  Upper,  aud  others  by  the  Lower  Peduude. 
The  extensive  connections  of  this  double  nerve  with  the  Cepebellum 
are  also  of  considerable  interest,  in  view  of  the  rchitions  of  analo- 
gous nerres  in  the  majority  of  Molluska  (and  io  such  Insects  u 
they  are  known  to  exist)  with  their  principal  motor  centres. 

Itseems  quite  certain  that  each  Lower  Peduncle  of  the  Cerebellam 
bIuo  contains  aome  efTereat  or  outgoing  fibres,  and  that  these  (thou 
probably  existing  also  in  other  porta)  are  gathered  into  a  sm 
fasciculus  (first  described  by  Solly),  which  pushes  over  the  ou 
border  of  the  corresponding  Peduncle,  and  thence  sweciw  rou 
the  lower  extremity  of  the  'olivary  body'  to  join  the  anteri 
column  of  the  Cord  just  above  the  'decussation  '  of  the  Pynmii 

There  is  reason  to  believe  that  it  ie  through  the  interrpi 
tion  of  the  Middle  Pcdtinclai  that  tho  Corebfllum  priuch 
jially  co-operates  with  the  Cerebrum  in  the  actual  exccutioi 
of  Vulnntary  Movements — though  its  incitations  to  tal 
part  in  these  movements  may  also  come,  as  we  have 
already  suf^ffestcd,  from  the  *  perceptive  centres '  in  the 
Cerebral  Hemisx)heres,  by  way  of  the  *  red  nucleus '  aud 
the  LTpper  Peduncles. 
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The  fact  tLiit  the  Cerobollum  docs  co-operalo  with  the 
Cerebrum  in  Bomo  way  is  clear,  because  it  has  been 
proved  that  atrophy  of  ono  Cerebral  Hemisphere  lends 
to  atrophy  of  the  opposite  half  of  the  Cerebellum.*  And 
that  the  Cerebellum  reH|)onds  to  stimuli  from  the  Cere- 
brum, rather  than  vice  rersd,  soemH  shown  by  the  fact 
that  atrophy  of  ono  half  of  the  Cerebellum  hns,  on  the 
other  hand,  no  tendency  to  cause  atrophy  of  the  opposite 
hemisphere  of  the  Cerebrum, 

The  notion  that  the  Middle  rcdiinclea  are  the  parts  by  which  the 
rehition  betwoon  Ihc  Cerebnini  and  the  Cerebellum  is  priccipallj 
brooght  about  in  Volitiunal  Action,  is  strongly  Biijiport^d  by  two 
nets  of  fact*;  first,  by  the  later  development  of  these  Middle 
Peduncles  and  of  tho  latenJ  lobes  of  the  Cerebellum  with  which 
they  are  principally  connected  in  the  animal  series,  aa  well  as  by 
their  prop-essive  increase  in  still  hijjhor  uuinmls,  and  by  their 
niiixituum  size  in  Mau;t  secondly,  the  view  is  aUo  borne  out  by 
what  we  know  of  their  anntnmical  relations.  Brtmdl>ent'a,  an  well 
as  Mcynert's.  descriptions  give  na  sotue  warrant  for  believing  that 
fibres  pass  from  each  Middle  Peduncle  of  the  Cerebellum  to  tho 
uppotfite  httlf  of  the  '  {>ou8  Varolii,'  and  thence  (by  way  of  the  Crus 
Cerebri)  in  part  direct  to  the  cortex  of  tho  Hemisphere,  and  in  part 
to  the  Corpus  Striatiira  only.  Other  of  its  fibres  may,  perhiipH. 
paM  down  to  motor  centres  in  the  Pons  itself,  or  to  simitar  centres 
in  the  Medulla  ^ 

♦  That  18  when  the  atrophic  process  of  the  Hemisphere  in- 
volves such  parts  as  to  entail  a  Hemiplegia — or  paralysis  of  the 
opIXMiita  side  of  the  body.     (See  p.  393.) 

t  Mcyncrt  (Strieker's  "Histology,''  Eng.  Truns.,  iL  p.  456)  calls 
attention  to  the  fact  that  as  the  Cerebral  Hemispheres  increase  in 
Hizp,  so  do  the  motor  divisions  of  the  Crun,  and  so  also  do  tho 
Middle  Fedoncles  and  'lateral  lobea '  of  the  Cerebt'llnra,  (See 
p.  273  for  some  remnrkfl  touching  this  kind  of  Cfirrclation.) 

X  From  the  cells  of  tlie  Corpus  J^triatuin,  uccordiug  to  Stcyuert, 
there  descend  "  two  subsequently  diverging  trucU,  one  running 
into  the  Spinal  Cord,  the  other  into  the  Cerebellum.**  The  latter 
ascends  as  a  thick  fasciculus  in  the  Middle  Peduncle  (loc.  cit.  p. 
375).    This  fasciculus  may  contain  ascending  (*  afferent*}  cerebellar 
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Ae>  ihene  'cficrcut*  fibres  of  the  Cefcbcntiin  piuaad  to 
oppoeite  in'*toT  tn&cts  of  Uie  Cere)>rum — above  their  «c«t  ol  *dec«^' 
nutiuD*  in  the  MeJiiDa— the  hall  of  the  Cerebellom  wbeoce  thejr 
ipsne  would  (by  reamo  of  tbia  lower  '  Uvcumiatinn '  of  tb«  Aatcvior 
Pyintr.ids)  be  bronght  into  relation  with  the  limbs  of  tKe  eomw- 
pondiiig  sicle  of  the  body.  This  direct^  nxkn  than  crmb*  iviatiaD 
u  ilIso  indicated  by  exr^^rimeotal  obs«rTatio«B  with  lower  **"'nff^ 
and  by  the  phenomena  of  divesse  obsemibie  is  Man. 

Putting  a]l  tliese  facts  lo^tLer,  it  seems  that  tbe 
bclluni  may  be  regarded  as  an  enonnoaaly  deri 
snpromo  'motor  centre/  tLe  Lateral  Lobes  of  which  oo- 
operate  in  cross  relation  with  those  of  the  Cerebrnm  il 
the  actual  execution  of  Voluntor}*  Movements ;  though  il 
ia  also  an  organ  accustomed  to  ad — petLapa  to  a  £ir 
greater  extent  and  more  continnonsW — in  the  exeeotioa 
of  complicated  Automatic  Movem^'nts,  in  response 
*  Dufelt '  impressions  coming  to  it  (mainly  throagh  tnl 
nnneial  fibres)  from  *  sensory  nuclei '  of  all  kinds* 

Though  tbe  Upper  and  Lower  Pedonclea  woald  b«« 
to  be  the  principal  channels  tbrongfa  which  these  lad 
afferent  impressions  reach  the  C^rebellam,  only  a 
of  their  related  out^ing  stimuli  may  go  along  tho 
Pedancles;  others  of  liiem  may,  in  bighflr  rrrir^K 
traverse  the  Middle  Pedancles.  However  this  may  he.  h 
would  appear  that  all  affsKOt  Cerebellar  impresfions  tiul^ 
are  destined  to  exdfte  Aatcmatic  Movements,  and  whi( 
liuppen  to  emanate  from  odo  half  of  the  body,  proceed 
tbe  c(»rrc<ponding  half  of  the  CereboDam — ^whether 
go  direct  (as  seems  to  be  tbe  ease  with  fibres  from 
Filth,  the  Aaditorj  %nd  ot^er  erunl  nerves),  or  only 
two  decttssfttions  (as  eeenw  to  be  the  esse  with  fibres 

fUei  aa  wall  ••  ilwinwiHiag  C  eAsrtnl'k  Bhng,  If  3f cywen*a  eoai* 
clnaiooa  are  oorrert ;  thongfa  lh#  wnfier**  ootaoa  a  that  moic  sI 
IfMtcftUONvtwia-a&viN^I'  6W»  fwcb  tU  CcnWlan  by  llw 
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10  optic  Nerves,  and  wilh  the  ordyiar^  Sensory  Nerves  of 
I      the  body). 

^^  In  the  relatious,  therefore,  of  the  Ccrebrnin  with  the 
^^bcrobellum  for  the  execution  of  Volnntary  Movements,  cross 
^HDnnections  exist  analogous  to  tlioso  between  the  Cerebral 
'  Hemispheres  and  tlie  opposite  halves  of  the  Spinal  Cord. 
^JVhilst  in  the  part  which  it  plays  as  a  Hnprcmc  motor 
^Hvntre  in  connection  with  the  higher  kinds  of  Automatic 
^Riovements,  the  Cerebellum  in  again  called  into  activity 
'     precisely  as  if  it  were  a  very  specialized  se^ent  of  the 

Spinal  Cord  itself.* 
^K-  If  we  are  to  attempt  nhortly  to  sum  up  its  functions,  it 
pKiny  be  said  that  the  CerebeUum  in  a  8Uf)rcma  Motor 
Centre  for  reinforcing  and  for  helping  to  regulate  the 
qntiUtatire.  and  quantttntitf  diHrihution  nf  outgoing  cur- 
rentSf  in  Voluninrg  and  Automatic  Actions  ro^pectivehjj 
or,  more  briefly  still,  that  it  is  a  supreme  organ  for 
th«  reinforcement  and  regulative  distribution  of  out- 
going currents. 

After  what  has  been  already  set  forth,  and  in  face  of  all 
the  difficultieB  provioiiHlv  enumerated,  it  is  easy  to  imnt,dne 
that  the  Cerebellum  might  appear  to  some  to  be  an 
or^an  largely  concerned  wiih  the  *  co-ordination  of  move* 
meuts';  that  it  mi<j[ht  l)e  rej^urded  by  others  as  the  seat  of 
a  'muscular  sense';  and  that  it  should  seem  to  others 
'  still,  to  have  to  do  wiih  the  *  supply  or  libenition  of  motor 
force  for  movements  generally.'  On  the  other  hand,  that 
J^^  should  appear  to  have  nothing  to  do  with  Instinct, 

^^1  *  Seep. 502.  Many  of  tbcac'sensori- motor'  or  AiiiomnticMove- 
^Hpents  XTould.  however,  be  of  a  bilateral  type;  and  nnch  Movement* 
^iivmild  probably  be  excit4ible  throngh  eitlier  half  of  tbe  Cert'bellnra 
[m8  it  is  wilh  the  Cerebrum).  Uonce  we  have  auother  reason  why 
inilat^ral  diseti.'tos  of  the  CV reWellum  shonld  oftcu  be  associated  with 
tcure  and  iU-dL*Hne<]  motor  defects. 
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with  Intelligence,  or  wjth  Conscious  Sensibility,  notwith- 
BtandinfT  the  fiict  that  it  ia  a  recipiont  of  fibres  from  all 
kinds  of  *  sensory  *  nuclei  is  us  much  in  harmony  ■^ith 
reason  as  with  experiment — ia  view  of  the  reflex  fanctioDS 
which  have  been  nssij^ned  to  it.  And  if  the  functiou  of 
the  Cerebellum  be  merely  to  discharge  or  give  oflf  mole- 
cular energy  for  tho  initiation  of  Muscular  Movements, 
response  either  to  deBnitely  localized  Volitional  Incitatioi 
coming  to  it  from  the  Cerebral  Hemispheres,  or  in  rcsponi 
to  equally  well  localized  though  *  unconscious '  Imprei 
sions,  coming  from  tho  most  various  'sensory*  nuclei  at 
the  liaso  of  the  Bruin  and  in  the  Spinul  Cord;  wo  might 
expect  that  its  microscopic  structure  would  bo  practically 
the  same  throughout  all  parts  of  its  vastly  convoluted  and 
extended  superficial  Grey  Matter — and  this  it  is  found 
to  be ;  we  might  expect  also  that  in  so  far  as  it  is  related 
to  the  Cerebral  Hemispheres,  the  Cerebellum  would  act 
only  in  response  to  their  incitations — which  also  seems  to 
be  the  case.  The  view  here  put  forward  seems,  therefore 
to  be  in  harmony  with  a  great  body  of  known  facts,  anJ^ 
to  be  also  capable  of  iucluiUng  under  it  a  number  of 
opinions  in  regard  to  the  functions  of  this  organ  whii 
have  from  time  to  time  been  enunciated,  and  which  havei! 
perhaps,  been  faulty  only  by  reason  of  their  more  or 
narrow  and  exclusive  nature. 


CHAPTER  XXV. 

PHRENOLOOX:    OLD   AKD    NEW. 

The  stages  bj  which  we  bftvo  arrived  at  what  knowledge 
we  possess  as  to  the  Siructuro  and  Functions  of  tlio  Bruin 
have  been  very  gradual.  Only  within  the  last  century, 
indeed,  has  the  groat  bulk  of  our  present  knowledge  in 
re-gard  to  it  gradually  taken  shape  from  amidst  the  clouds 
of  error  with  which  the  opinions  of  the  ancients  and  the 
mere  speculations  of  many  of  the  anatomists  of  later  cen- 
turies had  enshrouded  it. 

A  few  particulnrs  in  regard  to  these  earlier  notions  may 
here  be  given,  which  have  been  culled  and  condensed, 
for  the  most  part,  from  the  writings  of  Prochaska,* 

According  to  Aristotle,  the  heart  waa  the  seat  of  the  'rational 
Moul.'  and  the  nerves  (of  whose  relation  to  aeusution  and  motion 
he  waa  not  ignorant)  arose  therefrom.  The  Brain  was  described  by 
liini  as  aa  inert  viscus,  cold  and  bloodless,  and  scarcely  to  be  enu- 
merated amongst  the  other  organs  of  the  body — seeing  that  it  was 
of  no  use  except  to  cool  the  heart. 

Enisistratup,  the  granJsoa  of  Aristotle,  renounced  the  views 
which  he  had  boen  taught  by  the  great  maattr.  He  and  Hero- 
philas  (about  300  s.c.)  were  probtibly  the  first  to  dissect  the 
Haman  Brain.  He  originally  said  iliat  the  sensory  nerves  arose 
from  the  meninges,  or  menibrunL's  of  the  bnun,  and  the  mot(»r  from 
the  cerebrnm,  though  much  hitcrin  Hfc  he  modified  this  doctrine 
and  declared  that  both  classes  of  nerves  arose  from  the  inoduUary 

•"Dissertation  on  the  Finjctinns  of  the  NervouB  System." 
(Sydenham  Society's  Translation.  1851.) 
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mailer  of  the  brain;  also  tbnt  the  'animal  spirits '  proceeded  Troro 
the  brain,  BTid  the  'vital  spirits*  from  the  heart.  He  recognixct) 
that  the  Convolutions  were  mofit  developed  in  the  Bntin  of  Mftn« 
and  attached  im]]Mrtunco  to  tbcm  in  rehition  to  hiii  superior  In* 
lellijfcnce. 

Oulen  (ubout  a.u.  150)  set  himself  to  refute  the  doctrine  of' 
Aristotle.  He  showed  that  the  brain  of  animals  was  hot  instead  of 
cold,  and  Uiat  it  was  well  suppUetl  with  blood.  He  further  fuaiu' 
tjiincd  that  its  elaborate  structure  was  n^aintft  Anstotle*8  notion  ol 
its  being  a  mere  refrigerator,  since  for  this  purpose  a  **  rude  and 
formless  sponpfe/'  would  have  sufficed.  He  pointed  oot  that  the 
brain  was  of  the  same  aabstancc  as  the  nerves,  but  softer,  "  as  it 
necessarily  should  be,  inasmnch  as  it  receives  all  the  sen9atioDa, 
pcrceiveii  all  tlie  imaginations,  and  then  has  to  comprehend  all  thai 
objects  of  the  understanding,  for  what  is  soft  is  more  easily  changed 
thua  what  is  bnrd.'*  Since  double  nerves  are  nece«»ury,  the  itofi 
fur  sensation,  the  liard  fur  motion,  ro  also  is  the  bmiu  double,  th^] 
anterior  biding  the  softer,  the  posterior  being  the  lianler. 
superior  or  '  lateral  ventricles,*  were,  acc<irding  to  Galeo,  endowed 
with  the  highestfunctions.  They  received  air  through  the  no8tril$(by 
wuy  of  the  ethmoidal  bone  and  the  '  corpora  mammilura  '}  mixing 
this  with  the  '  vital  spirits '  brought  from  the  heart  into  the  ven- 
tricles by  means  of  the  arteries,  and  therefrom  elalioratiDg  tbej 
*nuimal  spirits'  which  were  thence  transmitted  from  the  bruin  to 
tho  nerves  for  the  purposes  of  molioii  and  sensation.  The  Uton»l 
Tentricles  were  also  held  to  receive  by  the  same  entrance  '  sensiblft^ 
objects,'  and  odoriferous  particles.  Grilcn  likewise  taught  that  t1 
brain  jiad  a  double  movement,  a  diastolic  for  the  reception  of  air  and 
•vital  spirits*,  and  a  systolio.by  means  of  which  the  ventricles  distri- 
bute the 'animal  spirits*  to  tbc  nerves.  Later  ho  held  that  ihftj 
animal  itplrits  were  not  contained  in  the  ventricles  only,  but  wer# 
disused  throughout  the  whole  substanco  of  the  ccrcbnim  and  tbej 
cerebelhnn,  "The  use  of  tho  fornix,  to  whicb  also  the  corpnn  cal- 
losum  belongs,  is  the  same,"  he  says,  "  as  of  the  arches  of  bnildingi; 
namely,  to  support  commodionsly  and  fcafely  the  whole  of  the  sujier* 
jacont  part  of  the  brain."  The  corpora  quodrigemina  perform  the 
functirms  of  a  janitur,  since  they  serve  to  open  or  shot  tbc 
by  which  the  •animal  spirits'  arc  transmitted  from  the  anterior 
the  posterior  vetilricle  through  the  Sylvian  aqueduct. 

Some  centuries  afterwards,  according  to  Prochsska :  **  The  Ambtf 
distributed  the  atiimal  functions  amongst  tbe  ventricles  of 
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•Itrain,  so  that  one  of  the  anterior  ventricles  thoy  made  ibe  sent  of 
cotniuon  sofisatJon.  the  other  of  the  imaginative  faculty,  the  third 
ventricle  was  tlio  Beat  of  the  nnUerstAtidiii]^,  and  the  fourth  of 
iinory."  This  doctrine  was  aUo  inaiutnint'd  by  Dun:)  Scotos, 
Thomas  Aquinas,  and  other  thcoh)gian8.  And  oh  late  as  the  tirHt  half 
of  the  sevuriteeuth  century,  "  Descartes  maintained  that  the  animnl 
spirits  wore  secn^ted  from  the  hmin  through  poren  o[)cnin^  into  the 
ventricles,  und  that  there  acoumnlaLin^,  the  slightest  disturbance 
of  them  oxcitcH  the  soul  seated  in  the  pineal  gland;  and  contrarily, 
that  the  animal  spirits  in  the  ventricles  are  moved  by  the  will 
acting  through  the  pineal  gland,  and  distributed  thence  throngh 
the  nerved  to  all  ptirts  of  the  body  *." 

But  about  the  end  of   the  sixteenth  and  the  beginning  of  the 

■eventecnth  century,  Casper  Buuhin.  Yarolius,  Spigolius  and  other 

anatomists,  had  been  striving  to  show,  in  opposition  to  Galen,  that 

the  ventrii-les  of  the  brain  are  not  the  factoriee  and  storehonHes 

of  the  'animal   spiritft,*    and  that  they  are  more  properly  to  be 

rurded  iLH  "  accidenUil  structures  which  have  no  other  use  thiin  to 

>ive  the  excreta  and  residuum  formed  during  the  nntrition  ot 

the  brain,  and  in  the  production  of  the  animal  spirits,  and  to  pass 

^^iicm  away  through  the  infundibnlum  to  the  fauces." 

^^  After  it  had  been  fully  agreed  that  the  'animal  ttpirit^'  ar«  not 

^Hjcnerated    in  the   ventricles  of  the  brain,  nor    proiluced  in  the 

^Hobstance  of  the  brain  to  be  collected  in  the  ventricles,  it  was  still 

^Pptnerally   believed  that  these  cavities  were  receptacles  for  elVcto 

Ujnnuttcrs,  which  discharged  themselves  principally  into  the  nostrils 

through  the  ethmoid  bone  and  through  certain  imaginary  ducts 

indicated  by  Galen,  and  much  later  by  Vesaliiis,  as  passing  from  the 

pitnitary  gland    and    through    the    sphenoid  bone  to  the  fauces. 

This  view  had,  therefore,  in  its  turn,  to  be  overthrown,  and  C.  V. 

Schneider  (165.^)  did  mnch  in  this  direction.      Lower,  Willis,  and 

others,  also  became  convinced  that  nothing  could  pass  from  the 

ventricles  to  the  nostrils  in  the  way  specified;  they  thought,  never- 

thelcRS,  •*  that  the  serum  of  (he  ventricles  passed  through  the  infun- 

I       dibulnm  to  the  pituitury  gland,  and  thence  through  i)ecnliar  ducts 

the  jngular  veins,  where  it  was  mixed  with  the  blood.'*    Ilaller 


^Becei 


•  Even  towards  the  end  of  the  last  century,  a  celebrated  unato- 
tuiut,  ^ommering,  announced  his  belief  that  the  tluid  of  the  ven- 
tricles of  the  brain  was  the  real  aefitoi^ium  eommnne  and  proper 
rgan  of  Mind.  ^ 
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n^mitted  that  the  inCundibnlum  was  hollow,  lait  drnicd  the  eiii 
eoce  of  the  last  mentioned  ducta,  aud  maiutained  that  the  ventricle 
reqaired  no  special  oatlet  for  the  evacuation  of  aeram. 

In  regard  to  the  mode  of  generation  of  the  '  animal  spirits  * 
xras  conteoJed  by  Malpighi,  Willia  ili>64)  and  othem,  thattheji 
secreted  in  the  cortical  gubstance  of  the  brain,  and  thence  roeciyed 
into  the  white  or  medullary  siiUstance,  whence  they  are  duvtrilnfeed 
throngh  the  nerves  to  the  whole  body.  "  The  facnlties  of  the  mil 
•nch  OB  perception,  ininpnation,  nndenitanding,  and  memory,  wc 
banished  from  the  reutriclea  toj^fther  with  the  animal  spirits.  ftn4 
were  located  by  some  in  the  solid  maas  of  the  brain ;  by  oibert 
were  affirmed  to  be  properties  of  the  immaterial  and  rational  sonl 
alone,  and  in  no  wise  dependent  on  the  body.*'  Malpighi  onn* 
aidered  the  cortical  subbtance  of  the  brain  to  be  a  true  glandtilarj 
strncturc. 

Willia  had  been  atylud  tbe  **  father  of  phrenology,"  oa  seconnt 
the  extent  to  which  hea^sif^oed  to  each  particaJHr  part  of  the  braia 
a  8i>e(iul  influence  on  the  mind.     He  held,  "  that  the  cerebrui 
subserves   the  animal  fuoctiona  and  the  voluntary  motions,    tltfti 
cerebellum  the  involuntary ;  that  a  perception  of  alt  the  sensationij 
takes  place  in  the  ascending  6bre8  of  the  corpora  striata,  and  that] 
throngh  the  descending,  volantarj  movements  are  excited;  thai 
the  uudoratauding  ia  seated  in  the  corpus  callusuni,  and  memory 
in  the  convolutions,  which  are  its  storchouaes;  that  tike  animal 
spirits  are  generated  in  the  oortcjc  of  the  cerebrum  and  cerebeUnm 
from  the  arterial   blood;    that  they  collect  in   the  medulla,  sps 
THriouely  distributed  and  arraDged  to  excite  the  animal  actions,  und ; 
diatil  through  the  fornix  as  if  through  a  pelican ;  that  the  mail 
spirits  secreted  in  the  cerebellum  are  ever  Bowing,  equally  andooo* 
tinuously,  into  the  nerves  which  regulate  involuntary  muvementa; 
but  tliose  of  the  cerebrom,  tuniultnously  and  irregularly,  according 
as  the  animal  octioua  are  vehemently  performed  or  quiescent, 
excite  sensationA  the  spirits  6ow  along  thu  nerves  to  the  brain 
As  to  the  loops  of  nerves  with  which  the  arteries  here  and  thens 
are  encii*cled,  he  stales  their  use  to  be  to  relax  orcloHO  tlie  artcrie%' 
und  thus  during  various  emutiuns  of  the  mind  to  admit  the  blooj 
in  greattir  or  leHs  quantity  to  certain  parts.     He  decided  that  the 
pineal  body  is  not  tlie  seat  of  the  soul,  but  a  lymphatic  gland.** 

The  succeHflora  of  Willis  adopted  some  of  hie  doctrines  but  refuted^ 
others.  Much  bootless  discussion  was  carried  on  by  Bocrhare  and 
others  as  to  the  essential  nature  of  the  animal  spirits,  and  in  the 
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early  part  of  the  eigUteonth  centary  the  following  viewa  were  ulbo 
erpressed  aa  to  the  ases  of  certain  jiortions  of  the  bniin.  VieaHsens 
]>laced  tUo  sent  of  imiigination  in  tho  coDtruni  ovate;  Lancisi  and 
Peyronie  maintained  that  all  seusatiou  is  felt  and  motion  excited 
in  the  oorpua  calloaum.  Meyer  placed  the  seat  of  memory  in  the 
cortical  matter,  seniatioa  at  the  origin  uC  the  nerven,  und  abstract 
ideas  in  the  cerebellum ;  many,  however,  acknavvte<1geil  that  it  was 
not  possible  to  determiue  the  seat  of  the  mental  faculties  with  any 
aocnracy,  although  there  could  be  no  donbt  that  nature  haj  not 
formed  so  muiiy  and  so  various  diviuions  of  the  cerebrum  und 
cerebellum  without  an  object. 

Now  came  another  criuis  in  the  history  of  opinions  concerninf^ 
the  brain  and  its  functions.  In  preceding  times  the  notion  of  the 
existence  of  'animal  spirits'  was  received  in  an  unquestioning 
manner;  there  had  been  much  discussion  ua  to  their  mode  of 
origin,  oa  to  their  principal  seut,  and  as  to  their  essential  nntore; 
bat  the^e  problems  were  at  last  set  aside  for  one  which  oui;^ht  to 
have  preceded  them.  What  evidence  was  forthcoming  as  to  their 
very  existenceP  The  Hupptjsition  that  what  hud  been  termed 
'animal  spirits*  existed  at  all  now  seemed  to  many  a  gratuitous 
assnraption.  Afler  much  iliscussion  amongst  the  Stahlians  nnd 
their  opponents,  we  find  Boerhnve,  Haller  (17ti6)  and  Tissot  acting 
as  the  last  champions  of  the  doctrine  and  striving  to  establish  it 
as  a  truth.  "Notwithstanding,"  says  Prochaska,  "the  authority 
of  these  gR^at  names,  tho  love  of  troth  excited  distinguitshed 
men,  who  advanced  doubts  as  to  this  hypothesis  of  the  animal 
spirits,  and  who  showed  that  the  argnmcnts  adduced  in  its 
favour  provi'd  nothing  when  carofally  analysed,  and  that  the 
whole  hy)>othesis  was  altogether  devoiil  of  truth.**  Writing,  there- 
fore, in  I78(-,  Procbaska  says  :  **  We  will  term  tho  cause  lutent  in 
the  pulp  of  the  nerves,  pi*o<lucing  its  effect  and  not,  ns  yet  asccr- 
tained,  the  vis  n^i'vosii ;  we  wtU  airange  its  obnerved  elfect«,  which 
are  the  functions  of  tho  nervous  system,  and  discover  its  laws.** 

The  same  writer  considered  it  "by  no  means  improbable  that  each 
division  of  the  intellect  has  ite  allotted  organ  in  the  brain,"  though 
as  be  himself  frankly  admitted,  nothing  detinite  could  at  that  time 
be  said  on  the  subject.  **  Hitherto,  it  has  not  been  posaible,"  he 
adds.  "  todeteriuine  what  ]>orlions  of  the  cerebrum  or  the  cerebellum 
are  siJecially  subservient  to  this  or  that  faculty  of  the  mind.  The 
conjectures  by  which  eminent  men  have  attempted  to  determine 
these  are  extremely  improbable,  and  that  department  of  physiology 
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id  MM  obseare  now  ns  ever  it  vmtt."    It  mtiat  not  he  forgotten,  bow- 
ever,  that  it  wtiB  I'rochaska  himself  who  first  fully  dc8crib4*d  i\n 
nature  of  *  reflex   movements.*      "The  ^fnftorium   c«TnT»«*r»r, 
ftays  (loo.  cit  p.  4 16).  "  reflects  the  senfiorial  impreasions  into  mol 
by  dtfinite  !aw8  peculiar  to  itself,  and  iudependently  of  oonscioul 
ne8S."     Proehaska,  moreover,    recognized  that  the  same   kind 
process  might  take  pliice  in  the  aysteroic  ganglia,  since  he 
(p.  4SS) :  "  It  seems  probable,  thoreforo,  that  besides  the  Monsorit 
commune,  nhich  we  conjecture  to  be  in  the  medulla  oblongal 
ftieduUa  gpinalig,  j)o*t«   Vnrolu,  and  rrttrn  of  the  eerfbruiH  ai 
cerehelUtm^  there  are  special  seitufirin  in  the  ganglia  and  ploxni 
of  the  nerves,  in  which  external  impressiona  ascending  along 
nerves  are  rejected,  that  need  nut  ascend  all  the  way  to  the  ten99^ 
ii'rtm  coinmunr.,  to  be  reflected  thence." 

The  space  available  in  this  work  does  not  permit  of  tn 
attempt  to  tnu^e,  oven  in  bare  outline,  tlio  successive  steps 
by  which  during  the  last  hundred  years  we  havo  been 
slowly  tending  to  acquire  a  more  exact  (though  still  wholly 
inadequate)  knowledge  of  the  Faoctious  of  different  parts 
of  the  Brain.  Something;  of  this  sort  may,  however, 
gathered  from  the  work  of  Vulpian  •  on  the  *'  Physiology 
the  Nervous  System,"  and  from  other  sources.  What  h as 
here  been  already  said  will  indicate  how  much  required 
to  be  done  ;  and  what  ia  about  to  be  said  will  give  some 
faint  notion  as  to  the  present  paucity  of  real  knowlodi 
and  as  to  the  need  in  which  wc  stand  of  much  furti 
light  in  many  directions. 

Having  couHidcred  the  rt'lations  of  the  Cerebral   Hemi 
spheres  with  one  another,  with  the  Cerebellum,  and  wit 
the  halves  of  the  body,  the  reader's  attention  must  noir^ 
be  limited  to  the  Hemispheres  themselves,  in  order  thai  be 
may  leani,  in  this  and  in  the  next  chapter,  something  of 
what  has  been  made  out  concerning  the  parts  of  these  all- 
important  organs  which  appear  to  be  more  especially  ood^ 
•  '•  Lccons  Bur  la  physiologie  da  Bysteme  nerreor,"  186tl. 
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ccrned  with  Porceptions,  Yolitions,  and  otber  Muuial 
ProccBses. 

Agaiu,  we  shall  have  to  rely  upon  the  same  three  classes 
of  facts  as  constituted  the  basis  for  our  conclnsions  in  the 
previous  chapter,  though  they  will  not  be  appealed  to  in 
quite  the  same  relative  proportions.* 

The  notion  that  the  Brain  is  the  principal  organ  of  Mind, 
and  that  there  is  a  localization  of  function  in  its  several 
parts,  was,  as  we  have  seen,  a  fundamental  position  fully 
realized  by  Prochaska  and  others,  long  before  Gall  and 
8pnrzheim  (1805-1826)  began  zealously  to  study  the  ana- 
tomy of  the  organ  and  to  promulgate  in  connection  there- 
with a  *  Physiognomical  System '  which  soon  attracted 
great  attention  under  the  name  of  *  Phrenology.'  its 
authors  were  enthusiasts  who  attempted  to  systematize  an 
extremely  complex  subject  prematurely,  when  knowledge 
in  regard  to  it  was  altogether  in  its  infancy — and  that, 
too,  without  professing  to  have  much  special  knowledge  or 
ability  for  the  carrying  out  of  at  least  one  half  of  the  work 
involved  in  such  an  enterprise. 

Gall  and  Spurzheim  were  well  abreast  of,  and  even 
leaders  of  the  knowledge  of  their  day  in  regard  to  the 
anatomy  of  the  Hruin,  yet  at  the  time  they  elaborated  their 
doctrines  nothing  was  known  to  them,  any  more  than  to 
tlieir  predecessors,  as  to  the  real  physiological  distinction 
existing  Ix'^twcen  the  'grey' and  the  *  white'  substance  of  the 
Cerebrum.  They,  like  those  who  hiul  gone  before  them, 
regarded  the  white  matter  of  the  hemispheres  as  the  essen- 
tial nervous  substance,  while  the  Grey  Matter  was  con- 
sidered to  be  **  the  matrix  of  the  nervous  fibres'* — a  forma- 
tive material,  in  fact,  which,  wherever  it  was  found,  served 
only  as  a  nucleus  for  the  adequate  production  of  nerve 
librcs.t     The    Grey    Matter  of  the  Convolutions,  there- 

*  See  p  477.    f  S**  Spnrzheim'a  "  Anatomy  of  the  Bruin/'  p.  7. 
23 
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tore, — tbe  matter  wbich  wo  now  bolievo  to  be  so  large 
concerned  with  ilio  must  Jolioato  and  subtle  of  Brain 
fuuotions — was  by  tbe  founders  of  riireuulogy  considered 
to  bavo  no  pro|)er  ucrve  functions  ut  ull. 

No  attempt,  indeed,  was  made  to  take  auy  account 
more  tban  about  one  half  of  it.  Their  analysis  of  t 
Hnuian  Mind  was  supposed  to  have  been  comple 
Tbe  various  Faculties,  Emolions,  and  Propensities  we 
assigned  to  their  respective  seats,  corresponding  €:;ierna 
with  tbe  upper  and  outer  parts  of  tbe  skull.  But  the  Con- 
volutions of  the  base  of  the  Hrain,  those  resting  on 
'  tentorium  Cerebelli,'  and  those  of  the  contiguous  inni 
faces  of  the  Hemispheres,  were  credited  with  no  share 
mental  functions.  The  use  of  this  convolutional  Grey 
Matter  being  altogether  ditferently  estimated  by  the 
Phrenologists  from  what  it  is  at  present,  their  *  Syste 
was  devised  and  their  organology  defined  with  no  spec: 
reference  thereto.  lucrodiblo  as  this  may  seem  to  m 
persons  at  the  ])reseut  day,  it  is  strictly  true.  The 
haphazard  constitution  and  boundaries  of  their  so-called 
*  organs '  may  indeed  be  learned  from  the  words  ot 
Spurzfaeim  himself.  •*  The  organs,"  he  says,*  "are  not 
confined  to  the  surface  of  the  brain :  they  extend  from 
the  surface  to  tlio  great  swelling  of  the  occipital  hulo 
(medulla  oblongata)  and  probably  include  even  the  com 
missures  ;  for  the  whole  mass  of  the  brain  oonetitutes  I 
organs." 

It  need  scarcely  be  said,  at  the  present  day,  that 
such  divisions  of  the  Brain  as  are  here  indicated,  either 
internally  or  externally,  have  any  real  existence ;  and  if  tbe 
convoluted  surface  of  the  organ  itself  presents  no  such 
divisions  as  are  to  be  seen  on  a  phrenological  cast,  by 
which  the  several  supposed  '  organs  *  could  be  marked  oH 
•  "  The  PhyaiotfEomicttl  System,"  1815,  p.  239. 
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from  one  auothcr,  it  uceds  little  auatomical  knowledge  to 
imagine  how  nuicb  more  impos6il>le  it  must  be  to  divine 
Buch  boundaries  tlirou;^h  tlte  skull  and  its  integuments. 
If  we  take  the  organ  of  'philoprogenitiveuess,'  for  instance, 
whoce  assigned  situation  at  the  back  of  the  head  may  bo 
seen  in  any  phrenological  bust,  we  find  that  it  corresponds 
with  a  bony  prominence,  which  varies  greatly  in  thickness 
in  different  individuals,  whilst  internally  it  corresponds  to 
the  point  of  union  of  four  great  venous  sinuses^  and  within 
these  as  much  to  the  tips  of  the  Occipital  Lobes  as  to  a 
part  of  the  upper  and  posterior  border  of  the  Cerebellum.* 
The  division  of  the  human  MukI  iulo  distiuct 'facul- 
es/  after  the  fushioii  of  the  phrenologists,  is,  however, 
error  in  itself,  quite  apart  from  tlie  unsatisfactory 
nature  of  their  particular  analysis,  "Every  form  of  in- 
telligence being,"  as  Herbert  Spencer  8ays,f  **in  essence 
an  adjustment  of  inner  to  outer  relations,  it  results  that, 
as  in  the  advance  of  tliis  adjustment  the  outer  relations 
increase  in  number,  in  complexity,  in  heterogeneity,  by 
degrees  that  cannot  be  marked,  there  can  be  no  valid 
demarcations  between  the  successive  phases  of  intelli- 
gence ...  .  .  fundamentally  considered,  intelligence 
has  neither  distinct  grades  nor  is  constituted  of  faculties 
that  are  truly  independent  ....  its  highest  pho- 
mena  are  the  effects  of  a  complication  that  has  arisen 
iDsenBible  steps  out  of  the  simplest  elements." 
This  pbilosopiiicnl  view  of  Herbert  Spencer  is  one 
which  is  quite  harmonious  with  what  we  know  of  the 
progressive  development  of  the  Brain  in  the  animal  series. 
But  the  crudity  of  the  psychological  analysis  of  the 
Phrenologists  is  well  capped  by  the  aimphcity  of  the  mode 
in  which  they  proceeded  to  assign  the  sites  of  the  seve- 
organs/  Spurzheim  says  : — "  Two  persona  at  Vienna 
I  ta     r'  Pruiciplea  of  Psychology,"  lat  Ed.  d.  486. 
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were  known  to  be  remarkable  for  their  extreme  irroRoIa 
lion  ;  and  therefore  one  day  in  a  public  place   Gall   bUm 
behind  them  and  observed  tlieir  heads.     Ho  foand  the 
extremely  large  on  the  upper  and  posterior  part  of  bo 
Bides  of  the  head  ;  and  this  observation  gave  the  first  id 
of  this  organ."     Such  was  the  kind  of  haphazard  teutati 
method  by  which,  after  multitudinous  ohflcrvations  con- 
ducted, it  is  true,  upon  persons  of  all  kinds,  ages,  and 
Btations  in  society,  the   details  of  their    *  System  '  were 
finally  established. 

The  '  system  of  Phrenology '  of  Gall  and  Spurzheim 
therefore,  fallacious  in  almost  every  respect.     It  was 
gether  defective  in  its  psychological  analysis,  eminently 
unsatisfactory  in  its  localizations,  and  was,  in  abort,  as  un- 
reliable tb  its  methods  as  it  was  inconclusive  in  its  resolta. 
It  would  have  been  almost  needless,  indeed,  to  have  dn 
so  long  upon  this  subject  but  for  the  fact  that  araon 
the  general  public  there   are  probably  very  many  who 
not  actual  believers  in   the   *  Phrenology  *   of   Gall  and 
Spurzheim,   may  be   glad    to   know   upon  what   precise 
grounds  the  system  should  be  rejected. 

Are  we,  however,  to  run  into  the  opposite  extreme,  and 
subscribe  to  such  doctrines  as  those  put  forth  by  Flonrena 
(1810)  ?  This  emiueut  physiologist,  who  may  be  said  almost 
to  have  been  the  initiator  of  experimental  research  aa 
directed  to  the  determination  of  the  Functions  of  the  Brai~ 
felt  entitled  to  draw  from  his  own  well-known  inves 
gations  the  following  conclusions,  altogether  opposed 
any  localization  of  functions  in  detail — thiit  is,  of  ep 
functions  in  special  regions  of  tlio  Cerebral  Hemispheres. 
His  conclusions  are  these  ("  Rech,  Experiment.,'*  p.  99) 

"  AiDsi  1°,  on  pent  retmncher,  soit  ]iar  devaot,  soit  par  derrioi 
soit  par  eo  haat.  soit  pur  c6c<^,  ane  portion  assex  (^'tendne  de*  lol 
c^rcbraux.  nnns  que  Icura  functions  soient  pcrducs.     Ufw  poHtt 
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iU9ez  reatrainte  dfi  ee$  lobes  aufii  dmte  d  VejpfireUvs  de  l!cur«  fonc' 

"2^.  A  mesnre  que  ce  rclrniicliement  B'opore,  toDtes  Ics  foncliona 
s*affHi))liisseiit  ct  s'^teig-neut  gmduuHeineiil;  cl  pussti  certumes 
Umitest  elles  soot  toata*fait  ^tRintes.  Ijfs  lotutt  ecrtibraujf  co>i- 
courent  done  par  tout  Icur  eruemble  a  Ttuiemoe  plein  et  cniUr  do 
Utt,r$  fonctiontt. 

"3^.  Eadn,  di'8  qa'une  perception  est  perdue  tontca  Ic  sont;  dea 
li*une  faculte  disporait,  loatca  disparaissent  Jl  ny  a  done  point 
ei^jf.t  divers  ni  pour  h's  divertes  fnaMst  ni  pour  kg  diverges 
perceptiims.  La  facult<5  do  porcevoir,  de  juger.  de  vouloir  une  cbose 
reside  dans  le  ni^me  lieu  quo  cello  d'en  perccvoir,  d'un  ittgor,  d'en 
Toiiloir  une  autro;  et  cous^queuiuient  cetto  fucolt^,  es^eutiellemeut 
ane,  rt^jiide  cbsc ntioUeuient  dana  une  seule  organc." 

Bui,  DotwithstiiudiDg  the  fact  that  these  early  and 
difficult  experimental  investigations  seemed,  as  Pluurens 
thought,  to  entitle  him  to  draw  some  such  coucluHious,  his 
views  could  not  claim  a  ready  aHsent.  If  wo  are  to  regard 
the  £ruin  as  the  principal  organ  of  Mind,  and  to  look  upon 
each  mental  opemtion  as  one  of  the  nianifcHtations  of  its 
functional  acliWty,  all  analogy  and  even  prohabilitj  would 
point  to  tho  conclusion  that  a  de&nite  order  muHt  be 
observed,  and  that  identical  mental  operations  will  always 
be  associated  with  the  functional  activity  of  identical  tracts 
of  nerve  fibres  and  cells  in  the  Brain  and  its  dependencies. 
Wo  know  that  the  01fact(try,  tho  Optic,  and  the  Auditory 
Nerves,  each  go  to  diiferent  parts  of  the  Brain,  so  that  the 
primary  processes  in  relation  with  tho  exercise  of  tho  cor- 
responding Senses  are  distinct  from  one  another.  Can  we 
believe  that  in  their  later  or  higher  phases  the  tracts  f<.r 
Buch  impressions  lose  their  distinctness?  Again,  I  touch  the 
table  at  which  I  am  now  writing,  with  my  forelinger:  tho 
impression  thus  produced  travels  by  means  of  nerve  fibror 
ttloDg  a  perfectly  detinite  route  from  the  pai-t  touched  ta 
my  Spinal  Cord.  Can  I  doubt  that  the  route  by  which  it 
reaches  the  Brain  is  just  as  dctluile  (though  not  so  well 
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knon'D),  nnd  that  a  similar  impression  woold  always  fc 
low  the  same  route,  so  long  as  the  couductinjir  cbanuuh 
remained  uninjured?  In  some  such  sense  as  ibis  *  locali-^ 
zation '  would  seem  to  be  a  simple  d  priori  oeccssity.  But 
if  it  holds  good  for  Sensorial  Operations  it  will  be  eqaallj 
likely  to  obtain  for  Intellectual  Operations  and  £motioKis*1 
Order  and  regularity  conld  scarcely  be  absent  in  the 
carrying  on  of  the  functions  of  those  parts  of  the  Brain 
alone,  where,  from  the  subtle  nature  and  multiplicity  of 
the  molecular  actions  involved  in  myriads  of  celb  and 
fibres,  ihf^fio  particular  characteristics  of  lower  Brain -actions 
would  Hi'  m  to  be  so  preeminently  needful. 

The  fundamental  question  of  the  existence,  or  not, 
real  Mocaliiiations*  of  function  (after  some  fashion)  in 
Brain  must  be  kept  altogether  apart  from  another  secondi 
qnestion,  Avbich,  though  usnally  not  so  much  attended  to, 
is  no  less  real  and  worthy  of  our  separate  attention.      It^ 
18  this :  Wliother,  in  the   event  of  '  localization '  bein| 
a  reality,  the  seviril  Mental  Operations  or  Faculties  ai 
dependent  [a)  upon  separate  areas  of  Brain -substance,  or^ 
(h)  whether  the  'localization*  is  one  characterized  by  tnett 
distinctness  of  cells  and  fibres  which,  however,  so  far  as 
position    is   concerned,  may  bo  interblended  with  others 
having  dififerent  functions.    Have  we,  in  fact,  to  do  wil 
topographically  separate  areas  of  Braln-thsue  or  merely 
with  distinct  cell  and  fibre  vxechanisms  cj:xstintj  in  n  woi 
or  less  diffuse  and  mninnlly  interblended  manner  f 

Tho  latter  kind  of  arrangement  seems,  on  the  whole,  U 
be  an  even  more  probable  one  than  the   former,  and  may 
commend  itself  most  to  many  persons.     The  exist^n* 
of  some  such  arrangement  would   help  to   throw   light 
upon    some  of  the    results   obtained    by    Flourens,    and, 
indeed,   upon  doctrines  advocated  by  Brown-Seqnard  at 
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tlie  present  day.  It  makes  it  possible  to  recognize  &  cer- 
tain amount  of  truth  in  them,  without  thereby  iuvolving 
us  in  a  denial  of  the  all-important  principle  of  '  locali- 
Katlou/  as  applied  to  cells  and  libres, 

Brown-Scquard  has  indeed  of  late  *  expressed  himself 
most  positively  in  favour  of  the  dilfuso  and  iuturbleudud 
arrangement.  He  thinks  be  can  prove,  beyond  question, 
that — "motor  or  other  centres,  as  commonly  conceived, 
that  is  to  say,  as  agglomerations  of  cells,  having  one 
and  the  same  function,  and  vrhich  form  a  more  or  less 
definitely  limited  mass,  do  not  exist."  The  existence  of 
the  other  mode  of  arrangement  would  equally  with  the 
latter  make  it  nocesBary  to  admit  that  cells  haviug  the 
same  kind  of  functional  activity  should  be  in  communi- 
cation with  one  another  by  means  of  processes.  And,  as 
he  contends,  the  functional  activity  of  similar  celln  might, 
in  either  case,  ho  conjointly  and  equally  well  earned  on 
through  the  intervention  of  intercellular  processes.  It 
would,  in  fact,  make  comparatively  little  difference 
whether  such  similar  cells  were  closely  packed  together  or 
whether  they  were  scattered  over  comparatively  wide  areas 
of  the  Cerebral  Cortex,  So  far,  at  least,  the  writer  finds 
himself  thoroughly  in  accord  with  Brown-Sequard. 

Thus,  whilst  a  topographically  separate  locali?.atiou  of 
independent  *  faculties  '  seems  to  the  writer  altogether  im- 
probable,! he  fully  believes  that  certain  portions  of  the 
Cerebral  Hemispheres — the  Anterior  Lobes  for  instance — 
are  always  concerned   in   the  carrying  on    of  Int^dlectual 

d  Yolitional  Operations  of  practically  the  some  nature, 
though  of  different  degrees  of  complexity  in  different 
individuals.  Yet  it  can  scarcely  be  said  of  '*  carrying 
on/'  but  rather  of  assisting  and  aiding  to  corry  on,  ccr- 

Arobiv.  de  Physiol,  norm,  et  path./'  2nd  Scr.  IV.  p.  412. 
t  See  **  Journal  of  Alcutul  iscieuce,"  Jaauarjr,  1809. 
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tain  Intellectual  aud  VuliLional  Operatious;  for  it 
improbable  that  ereu  such  a  large  division  of  a  Cei 
Hemisphere  as  the  Anterior  Lobe  has  a  distinct  set  of 
functions  peculiar  to  itself.     The  division  into  '  lobes  *  is, 
in  the  main,  an  entirely  artificial  one,  and  the  grey  matt«^j 
of  the  anterior  region  is,  as  we  have  seen^  intimately 
related  to  the  grey  matter  of  the  middle  and  posten( 
parts  of  the   Hemispheres ;  so  that,  jnat  as  our  psychicjil 
nature  consists  of  one  great  complicated  but  uubrukeu 
network  in  which  are  bound  together  Sensations,  Percej 
tions,    Judgments,   Emotions,  and   Volitions,    bo   is 
physical  organ  corresponding  to  these  also  represented 
the  most  complicated  and  intricate  network  of  nerve-ceJ 
and  nerve-fibres,  mutually  bound  togethex   and   broagl 
into  functional  relation  with  one  another.     Whilst,  then 
fore,   it  may  truly  be  said  that  the  Anterior  Lobes  are 
always  concerned  in  the  carrying  on  of  Litellectual  and 
Volitional  Operations  of  the  same  nature,  they   may  bo 
mainly  instmmcntal  iu  some  functions,  and  they  may  take 
part,  to  a  minor  degree,  in  the  execution  of  certain  othoc 
Mental  Operations  depending  more  especially  upon   ihi 
functional  activity  of  different  parts — the  Parietal,  the  Tem- 
poral, or  the  Occipital  Lobes,  singly  or  in  combination. 

Perception,  Intellect,  Emotion,  and  Vohtion  are  so 
intimately  associated  with  one  another  in  our  ordiuarj 
mental  processes  that,  if  we  were  even  to  attempt  a  defi**^ 
nite  mapping  out  of  their  territories,  so  as  to  allot  a 
separate  province  iu  the  Cerebral  Hemispheres  for  each  oj 
these  great  divisions  of  Mind,  we  should  probably  fall  iuto^ 
a  grievous  error.  In  precisely  those  parts  of  the  Cerebral 
Hemispheres  that  are  most  concerned  when  we  look  n{Hm 
a  fine  painting  or  a  fine  piece  of  statuary,  may  wo  imagiua^^ 
the  timotiona  of  admiration  kindled,  to  which  the  sighi^H 
of  these  objects  of  art  has  given  rise — however  much  the 
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activity  of  other  centres  may  co-operate ;  auJ  just  as  the 
Bight  of  ripe  fmit  upon  a  tree  may  incite  a  *  desire  '  to 
p4tHKess,  followed  by  a  Volitional  Stimulus  for  the  purpose 
of  obtainiiifj  the  desired  ohjoct ;  so  in  this  case  the  parts 
concerued  iti  the  manifest;itionof  the  '  desire,*  uud  those  in 
which  the  Volitional  Stimulus  oiiginales,  arc  probably 
situated  within  some  portions  of  that  same  area  of  con- 
volutioual  grey  mattor  which  waa  conconied  in  the  Percep- 
VG  Act  itself. 

On  the  other  hand,  as  the  writer  lias  elsewhere  said,* 
•*  inasmuch  as  we  have  certain  distinct  avenues  of  know- 
ledge (through  the  Sense  Organs  and  their  proximate 
nerve  ganglia),  and  the  Cerebral  Hemispheres  are  the  parts 
concerned  in  tlie  ehibomtion  of  impressions  so  derived,  wo 
can  well  understand  that  the  impressions  entering  through 
one  gate  or  sense-avenue,  may  pass  through  the  suljstunco 
and  towards  the  periphery  of  these  Cerebral  Hemispheres 
in  certain  definite  directions,  and  according  to  accustomed 
routes.  Then,  the  impressions  entering  tlirougli  another 
gate  of  knowledge,  or  avenue  of  sense,  may,  and  probably 
do,  pursue  a  different  direction  through  its  substance,  so 
that  at  the  penj>hery  the  fibres  and  cells  concerned  in  the 
conduction  and  elaboration  of  these  impressions  may 
exist  in  maximum  quantity  in  dilToreut  portions  of  the 
surface  of  the  Hemispheres — though  in  part  they  may 
occupy  jointly  the  same  area,  and  be  intertwined  with  the 
fibres  and  cells  concerned  in  the  e]al>oration  of  the  pre- 
viously mentioned  set  of  impressions.  And  so  on  with 
the  varions  sense  organs  and  their  ultimate  expansions  in 
the  form  of  what.  I  would  call  *  Perceptive  Centres'  in  the 
Cerebral  Htmispheros.  Thus,  though  there  may  be  much 
and  compound  overlapping  of  areas,  and  though  the  area 

rtaining  to  tlie  impressions  of  any  particular  sense  in 
*  "  Journal  of  Mental  Science,"  January,  1869. 
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the  Cerebral  Hemispheres  moj  be  a  very  extended  one  (not 
to  Rpeflk  of  Iho  Rtill  further  complication  brought  abonl 
by  Ibe  communication  eetabliehed  between  the  nerre  celli 
of  one  sense  area  with  those  of  others  in  the  same  Hemi^ 
sphere,  and  of  the  probable  nnion  by  means  of  commis- 
sural fibres  between  analogous  parts  of  the  two  Uemi< 
spheres),  still  it  may  well  be  that  certain  portions  of 
Burfaco  of  the  Cerebral  Hemispheres   might  corresponi 
more  especially  to  the  maximum  amount  of  nerve  eel 
and  fibres  pertaining  to  some  one  or  other  of  the  various 
senses.     .     .     .     Just  as  certain  of  the  senses  contribul 
in  a  preponderating  degree  towards  the  building  up  of  oni 
mental    impressions   and   their  corresponding  volitioni 
results  {e.g,t  those  of  Sight,  Hearing,  and  Touch),  so 
may  imagine  that  these  sense  organs  would  be  connected' 
internally  with  a  comparatively  wide  area  of  cortical  sub- 
stance in  each  Hemisphere.*    It  would  be  fair  to  infer  as  a 
probaljilily,  therefore,  that   the   *  perceptive  centres '  for 
visual  impressions,  and  also  those  for  acoustic  impres- 
sions, would  have  a  wide-spread  scat  in  the  cerebral  hemi< 
spheres,  whilst  those   pertaining  to  the  gustatory  am 
olfactory   senses  would  have    a   more   limited   distriba* 
tion/* 

With  merely  a  few  verbal  alterations  the  views  above 
stated  were  put  forth  by  the  writer  in  papers  written  in 
18G5  and  18G9.  And  simple  as  the  notion  may  nowspenJ 
that  we  have  a  right  to  look  for  distinct  •Perceptive  Centres*i 
in  the  cortical  substance  of  the  Hemispheres,  which  should 
be  in  direct  structural  relation  with  their  respective  sen* 
Bory  nerves  and  lower  ganglia  (or  *  nuclei '),  in  or  near 
the  Medulla — no  mention  of  this  kind  of  *  localization '  wi 
up  to  that  period  to  Iks  found  in  medical  or  i)hysiologicaJ] 

*  A  notion  of  tins  Itind  has  lately  been  supported  also  by  Fro4| 
Croom  Bobert«on  in  "Mind,"  1^77,  p.  07. 
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rorks;*  although,  as  the  writer  then  tirst  attempted  to 
show,  such  notions  threw  much  light  upon  Cerebral 
Physiology,  and  upon  certain  defects  of  Speech  resulting 
from  disease  of  the  Hrain.f  The  ^Titer's  views  were  shortly 
afterwards  endorsed  and  extended  hy  Dr.  Droadbent,  in 
I  A  valnahlo  paj^or  on  the  *'  Corchrnl  Mechanism  of  Speech 
^nd  Thought."  t 

^H  Soon,    moreover,    physiologists    began    in   earnest  to 
^Benrch   for   such   'Perceptive    Centres'   in    the    cortical 
^Hrey    matter.     The   first   to    do     this   was    Dr.    Ferrier, 
^Biough  ho  makes  no  reference  to  the  writer's  views.     He 
took    up    the  enquiry,  perhaps    indcpendrntly — certainly 
in    a  thoroughly   systematic   manner — and    his    results 
deserve   to    bo    most    eiirefully   studied. §      The    notion 
that  there  ought   to  be   such    '  perceptive  centres '   evi- 
dently commended    itself  to   Ferrier,    and,  with   charac- 
I      teristic  energy,  he  sought  to  throw  light  upon  their  locali- 
zation, as  he  had   preWously— instigated  by  the  views  of 
[ughliugs   Jackson — songht  to  establish    the   existence 


w: 


*  No   sucli  conclttaiona  were  to   bo   iriffrrt'd,    from   the   vinwB 

concerning    C-erebral    Physiology   put   forward   in    this    country 

I      generally.    Thcro  is  a  philosophical  opposition,  in  fact,  between 

I      Ihctu  and  doctrinoa  which  have  liecn  widely  promulgated  by  Dr. 

Carpenter  (aee  an  article  on  '^  Soiisaiion  and  Percepfwnt*  "Nature," 

^Dec.  23. 18(i9.  and  Jan.  20. 1870.  p.  309). 

■I    t  S«e  "  Phyaiology  of  Thinking  "  ("  Fortnightly  Itevii-w.*'  Jan- 
P"  nary,  1860),  and  ••  Defects  of  Speech  in  Bruin  Diaeane  "  ('•  Hrit  and 
For.  Med.  Chir.  Eev.,"  January  and  April.  1869). 

X  "Med.   Chir.  Trans.,'*   1872,  p.  180.     Writing,  indeed,  in  the 

•' Journal  of  Mental   Science*'  for  April.  1870  (p.  23).  BroaUbent 

I       Bay» : — '•  These  convolutions  then  which  receive  central  fibres,  and 

are   biluterally  associated  by  Uiti  C.  callosum,  wilt  constitute  the 

perceptive  centres  of  Dr.  Bootian.*' 

§  His  first  communication  on  this  sabject  was  preseuted  to  the 

>yal  Society,  in  April,  1875.  and  is  to  be  fonnd  ia  PL  II.  of 

int  year's  "  Phil.  Trans.,"  p.  US. 
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of  distinct  '  motor  eentres*  ia  the  cortex  of  the  Cei 
Hemispheres, 

TQl  quite  recently  there  has  been  a  noUhle  dearth  of 
eTidence  in  meJical  literature  in  regard  to  the  exuUoe* 
and  localization  of  any  each  '  PerceptiTe  Centrea  * — eitlMBr 
in  man  or  in  the  lower  animals.     We  have,  as  ahre«dj 
explained,    good   reason   for    beliering  that    aensorT*  or 
'  ingoing*   fibres  from   the   body   generaUy  pa&s   to  the 
Cerebral  Hemi&phercB  in  the  upper  or  postt^rior  layera  of 
the  Cerebral  Pedancles ;  and  that  in  the  mtnation  wbare 
each  of  these  expands  within  its  own  Hemi»;phcre  into, 
the  so-calied  '  corona  radtatn  '  snch  ingoing  fibres  corres 
pond  to  the  posterior  third  of  this  ^n-like  expaoaii 
and  are  there  joined   by  fibres  coming  from  tho  loi 
ganglia  or    '  nuclei '    in  relation    with    the    organs 
Sight,  Hearing  and  Taste.     Destruction  of  titis  portixm  of 
the  pcduDcalar   fibres' is   found   to    cut  off  all  sensoijj 
impressious  —  special    as    well    as    geni-rul — proceedii 
from  the  opposite  half  of  the  body  (p.  490).     Bat,  whilst 
our  knowledge  is  good  to  this  extent,  we  are  still  much 
in  the  dark  as  to  tho  relations  of  these  sensory  fibres 
with  the  Thalamus  (and,  indeed,  as  to  tlie  precise  func*] 
tions  of  this  body  generally),  as  well  as  concerning  th« 
nltimate   distribution    of    the    sevcrul    sets   of    fibres   to] 
particular    regions    of  the   cerebral  cortex — where  alou4 
their  respective  impressions   seem  to  cnlminute    and  be-' 
come  associated  with  subjective  phenomena,  or  State^ 
Consciousness. 

The  fact  of  this  abeenoe  of  evidence  in  re^rd  to  the  sitoatMrn" 
the  '  Perceptive  Centre*'  of  Mfto  scoma  at  fir«t  very  BurpmiDgpj 
ttinc«  it  niif^ht  be  imafpned  thnt  a  study  of  tho   mnltitudinouij 
records  of  local  disease  implicating  the  surface  of  the  Brain  which 
exiHt  in  medical  workii  wonld  soon  settle  tho  problein.     Thin,  how- 
ever, ia  far  from  bein^  the  cose,  and  that  for  many  reaeona  which 
need  not  now  be  detailed.     8nffice  it  to  say,  that  local  Icbions  of 
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tho  mere  cortex  of  ooe  Cerebral  Hemisphere  in  man  have  apparently 
never  been  known  to  be  definitely  associated  with  loss  of  SmeU, 
of  Sight,  or  of  Hearing  on  either  side  of  the  body.*  This  peculiar 
circamslance  seems  to  be  specially  relalwl.  as  the  writer  poiut^-d  oat 
in  187-i,t  to  the  duplicate  nature  of  tho  Bruin,  and  to  the  fact  of 
the  couuection  of  each  of  its  Uemispheres  with  tlie  double  and 
iiitimiitely  united  lower  ganglia  or  nucUi  of  each  of  the  Special 
Sen&es. 

In  ronsoqunnce  of  snch  nn  nn.ntoniif^al  arrangement  one  Hcmi- 
Bphcre  scemH  often,  in  it  very  short  time  after  the  occurrence  of 
diimaget  or  injury  to  itH  fellow,  to  bo  capabh^  of  boinif  brouglib 
into  relatiou  with  sensory  imprestiiona  from  lK>th  sided  of  the 
body,  BO  that  although  the  'perceptive  centre*  for  the  sense  of 
Sight,  of  SmoU  or  of  Hearing,  may  bo  destroyed  io  tho  convola- 
tions  of  one  hemisphere,  no  blindness  of  the  opposite  eye  or  no 
nnilateral  loaa  of  smell  or  hearing,  as  the  cue  may  be,  is  produced. 
It  is  quite  possible  that,  in  the  iirst  instance,  there  may  hi* 
some  unilateral  loss  or  weakness  of  one  or  other  of  the  special 
Senaen  when  one  of  its  convolutianal  centres  is  damaged,  although 
this  defect,  in  tho  early  days  of  an  illnesR,  may  easily  pnsa  un- 
observed. Failure  of  observation  in  regard  to  such  ]H)ints  as 
these,  is  a  matter  of  very  common  occnrrcnco  at  the  commencement 
of  an  acute  disease  of  the  Brain,  1>oth  ou  the  part  of  a  patient 
and  of  his  medical  attendant.  Such  defects  would,  very  probably, 
noi  be  noticed  or  ascertained  unless  they  were  specially  looked  for. 
as  Ferrier  has  of  late  rightly  enough  maintuined.  Stilt  tho  extreme 
rarity  of  unilateral  impairments  of  Smell,  Sight,  or  Hearing,  as 
immediate  effects,  in  assuciatton  with  diseases  or  injuries  of  one 
hemisphere  of  tho  Brain  stands  ont,  as  a  very  notable  fact,  in 
regard  to  which  all  the  best  observers  are  unauim'us. 

If  light  is  to  be  thrown,  therefore,  upon  this  very 
iuteresting  question  within  any  brief  period,  recourse 
must  be  liad  to  experiments  with  somo  of  tho  lower 
ftniroals.  Of  these,  Monkeys  are  obviously  tho  most 
suitable  of  all,  on  account   of  the  general  resemblance 

♦  An  approximation  to  this  knowledge  had,  however,  been 
nrrivcd  at  in  regard  to  Smell.  For  reference  to  cases,  see  Ferricr*« 
"Functions  of  tho  Brain,*'  p.  101. 

t  " Lancet,"  Jnly  2.%  187 1,  p.  111. 
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which  obUins  between  the  Brain  of  these  animals  and 
that  of  Man.  Such  experiments  have  been  made  wi 
much  skill  aud  judgment  by  Dr.  Ferrier,*  to  wh< 
writiiigs  the  reader  must  be  referred  far  full  detjuls 
to  his  numerous  observations,  and  the  ralidity  of  the  U 
adopted.  Hero  there  is  space  only  for  a  brief  euunciati 
of  the  results  and  conchisious  at  which  ho  has  arrin 


uf  SjlTiiu  ;  B,  (L-Htm  of  RuUndu ;  O,  !*«fiettM»ripiUl.  or.  ixrpexidMiiliV 
F  I..  FroaUI  LoW ;  f>  L.  Plvlvtal  Lobe ;  O  U  OedfHUl  Lobo;  T  8  L.  ' 
T,  upper.  Ts.  miiJdle.  Fj.  lower  TriMbU  Oouftbitkm;  «/, 
%/',  In/era-fmtitU  Sulciw  :  nf,  »»t«n>-ptfieUl  Hiiletu ;  A  F,  Aaecodisig  F>OBtel,Mid  ^f, 
AvoandlQX  PviiFtal  L\«ro!iitian :  FPU  FoMcro-fkricul  Lot>u)«:  A  O.  AagtAf 
gjmM;  <r>  iBtt»-|«ri«feU  Sulctu;  T.  T».  Tj,  Uppar.  Middle,  hkI  Lowm  Ttmfaml 
OaavolotloiM ;  li.  (i.Cpperaztd  Ivowcr TcmpanlHutd:  Ot.  0>.  Oj.  Cw«r.  MiMK  wi 
UnrflT  Oedpttat  ODOTolatUtw  :  o  i ,. «.  ftnt  auA  aocond  Ocdpital  ffWuiuiL     t  Ttrrlm.) 


These  experiments  of  Ferrier  are  supposed  by  him  to 
support  the  notion  that'  perceptive  centres  *  limited  in  area. 
and  topographically  distinct  from  one  another,  exist  in  the 
cortex  of  the  Cerebral  Hemispheres.  HIh  facts,  however, 
do  not  netvssarily  carry  n*ith  them  any  such  lUterpretAtioo. 
They  are  quite  capable  of  being  explained  in  aococtlanoe 

•  .See  ••  Philoft.  Tian*.  1875;'  Pt  U..  and  "  The  FiiBctioBa 
Bnio,"  1877,  cbap.  ix. 
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uifh  what  we  bold  to  bo  tbe  more  probable  tbeory,  viz.: 
tbat  such  *  perceptive  centres  *  or  mechnnisms  are  dilTuse 
in  seat  aud  interblended  with  others.  This,  indeed,  has 
been  pointed  out  by  Prof.  Croora  Robertson,*  who  says : — 
'*  so  there  is  no  intrinsic  improbability — rather  the  reverse 
— ^in  the  view,  tbat  impressions  received  by  any  organ  of 
ponse  are  all  carried  up  first  to  a  particular  region  of  tbe 
cortical  substance  before  tljoy  are  brouglit  into  relation 
with  other  impressions  and  with  motor  impulses,  or  aro 
otherwise  elaborated  in  the  brain.  It  may  woU  be  that 
there  are  special  sensory  regions  in  the  brain-cortex,  and 
that  Dr.  Fcrricr  has  given  the  first  rongh  indication  of 
their  locality."  Each  set  of  sensory  fibres  might,  in  fact, 
direct  themselves  towards  some  particular  part  of  the 
cerebral  cortex,  whence  tbe  fibres  might  diflfuso  themselves 
more  or  less  widely.  These  *  first  cortical  stations,'  or 
regions  from  which  sensory  fibres  diffuse  themselves  in 
different  directions,  may  have  no  real  claim  to  be  conHiderod 
as  'centres,*  and  yet  the  same  kind  of  results  may  follow 
from  their  destruction  or  stimolation  as  if  they  were  real 
•  centres. 'f  And  owing  to  the  subsequent  diffusion  of  the 
Severn]  kinds  of  fibres,  other  regions  are  not  likely  to  be 
revealed  by  experimental  investigation  which  would  have 
any  similar  claims  to  be  regarded  as  '  sensory  oentres.' 
Groom  Robertson  truly  says^  sensations  themselves  "can 
neither  be    supposed    to    be  consummated  at  their  first 


♦  See  a  review  of  Dr,  Ferriur'a  wort  in  "  Mind,  *  1877,  pp- 1*6, 07. 

f  0.  Bobcrtaon  aptly  rcmarkH,  '*  Peripheral  impressions  may  be 
utterly  prevented  from  coming  into  conscioasnesa  by  the  cortical 
leftiun ;  iHit  it  does  not  fullow  that  the  laxt  act  of  tlie  nervous 
process  involved  in  a  conscious  sensatiou  of  toucli  is  naturally 
consummated  there  and  nowhere  else  in  the  brain,  or  that  in  all 
that  rejjion  there  is  no  work  done  but  such  ae  (objeutively)  we  cull 
tonch." 


of  moat  importlaic€T3F^acir5onio~rGqaT 
tion  by  other  workers  than  they  have  jfl 
they  can  he  fiually  accepted  as  correct,! 
aud  ability  with  which  his  experimeol 
ducted  should  ensure  for  them  that  can 


testing  which  their  inj|Hirtuuoe  deserveB, 


Foy 


Flu.  173.— luteninl  Aspect  of  the  Right  llomk|iWre  uf 
CorpiM  CAllcMum  divKkd  ;  C,  ititcrTiMlpnnot«>-<>c  l|)llal  FlMl 
FUsuro  ;  t'/,  C*lcAriiio  H«Miro  ;  d/,  DcDUto  PlMHire  ;  d 
Gynit  foruieiktua  ;  C'.V,  Manrlnai  UonTottiti'jn :  (rT,  \ 
Crochet,  or  mibiciihim  otmu  .iratuuDl* ;  Q,  QiivtrilAt 
r  Q,  Orbtt«I  U>bul«.     <  FerHcT. ) 


Well  conducted  experiments   upon   i 
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jwwer  at  will  to  call  into  existence  oondilions  which 
iilmost  never  exist  in  iho  ciiso  of  disease  in  the  human 
8uliject — that  is,  he  can  produce  H^mmetrical  dcstroctionB 
iu  corresponding  regions  of  the  two  Hemispheres,  and 
knowing  that  such  lesions  alone  exist,  can  thereafter  most 
carefully  test  the  animal's  condition  in  respect  of  tho 
seuse-eudowmeut  supposed  to  he  interfered  with. 

Taking  firet  of  all  the  wise  of  tho  sense  of  Sight,  we  find 
Ferricr  loculiiiing  its  •  jwrceptive  centre  '  iu  the  '  angular 
gyrus '  and  part  of  the  *  supra-marginal  lohule  '  (fig.  174). 


Pio.  174.— Hmlii  rff  Motikuy,  flhowtii{[  HhadtHl  iir«ft  onrroNpomtlng  wIUi  au-oallad 
VbuAl  Centre  Iti  the  cortex  of  loft  r.rebml  UomlB]»hfltc.     (Fcrrier.) 

Destruction  of  such  parts  on  one  side  in  an  animal  rendered 
insensible  by  chloroform,  seemed  to  produce  blindness 
of  the  opposite  eye  for  a  day  or  more — judging  from  tho 
effects  of  bandaging  the  other  eye  for  a  time  and  then 
removing  tho  bandage,  so  as  to  be  able  to  watch  and 
contrast  the  animal's  behaviour  under  these  different  con- 
ditions. After  a  day  or  two,  the  animal  experimented 
ujKjn  agaiu  appeared  to  see  with  both  eyes.  Where, 
however,  these  regions  of  the  cortex  had  been  destroyed  in 
both  Hemispheres,  the  creature   became   blind   iu   both 
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ejes,  an(l  did  not  subRoqucntly  recover  from  this  coq( 
lion,  LiBtoad  of  a  temporary  defect  on  the  side  oppoi 
to  the  unilatenil  lesion,  tlie  animal's  sight  was  now  pi 
manently  lost  ou  both  sides.* 

After  coinjianitive  observations  npon  the  effects  of  ani 
lateral  ami  tJoublc  destrnclive  lesions,  Ferrier  loc4ilized  the 
'  perceptive  centre '  for  the  sense  of  Hearing  in  the  np])cr 
half  of  the   '  superior  temporal  convolution  *  (fig.  175J 


PiQ.  1T&.  -llrAtii  of  Motikoj,  ab4iwln]f  a  f>li.v1e<l  Area  corrMpoDdlng  with  Ut* 
caUotl '  AutUturj'  C«utre '  iu  Uw  Owtu  of  Lbc  rigbt  Cerubnl  Uoioliqiifaen.  <Pc 


Here  again  dcfttroction  of  Uiis  region  in  one  Hemispbej 
was  found  to   lead   only  to  a  very  temporary  deafness  in 
the  car  of  the  opposite  side  of  the  body ;  whilst  doslroc- 
tion  of  the  same   region  in  both  Hemispheres  caused  a 
lasting  and  tot4d  deafness  on  both  sides.     Referring  to 

*  Se«  p.  393  for  the  notification  that  io  the  hroin  of  Prof  D« 
Morgan  there  was  no  appreciable  difference  in  tli^  appearance  of  Ihe 
'  anpdnr  pyriiB  '  and  the  '  supra-marginal  lobule '  on  the  two  Bidea 
of  the  brain,  although  thitjt  celebrated  mathoniatician had  iwu  blind 
on  ime  side  almost  from  birth.  In  the  exnmination  of  the  Rnun  of 
a  deaf  and  dumb  woman,  moreoTer,  Broadbeot  ("Jrnl.  of  Anat  and 
rhyiiiol.,"  vol.  iv.  p.  218)  neither  records  the  cxifltencc  of  nor  rep»rc- 
seuttt  any  8]>cciul  utntphy  in  the  *  su[>iTior  temporal  convolationt. 
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one  of  tho  animiils  on  which  he  studied  tlieso  eOects, 
Ferrier  suys  :• 

"Tho  angular  pjrua  liad  just  been  cautemed  on  tho  lefl  side, 
with  the  effuci  of  canning  blindnoss  in  the  rif^ht  eye  alone,  and 
without  any  uQV'otiuu  of  bearing  or  the  other  Hcnscs.  The  Huperior 
teni[><'>t-o-spbenoidiL]  convolution  waa  then  rxposed  and  cauterized 
on  both  Bides,  tho  K-sion,  us  watt  auovrluined  }joo(-7nortcm,  being 
confined  to  this  region.  After  comploto  recovery  from  tlie  opera- 
tion, the  various  scnacs  and  powers  of*  voluntary  motion  were  tested 
roi«atedly.  Touch,  taste,  and  smell  were  perfect;  and  sit^ht,  aa 
indicated  by  tlie  animal's  perfect  freedom  of  movement  and  ability 
to  find  its  food  and  drink,  practically  unimpaired  twenty-four  hours 
after  the  operation.  As  reii^'arda  hearing  it  was  ditficult  to  devise 
a  BattHfactory  test  owing  to  the  alertness  of  tlio  aniniul,  and  the 
attention  that  it  gave  to  everything  around  it.  A  loud  sound  close 
beside  it  canisr-d  a  start,  which,  however,  could  not  be  taken  as  a 

lest  of  hearing  proper  aa  diatinguiiihcd  from  reflex  actionsf 

In  order  to  avoid  attracting  its  attetition  by  sight,  I  retired  behind 
the  dcor  and  wutchinl  the  animal  through  a  chink,  while  it  sat 
comfortably  before  the  firo.  When  all  was  still  I  called  loudly, 
whiHtled,  knocked,  &c ,  withont  attracting  the  animal's  attention 
to  the  source  of  the  sound,  though  it  was  sitting  perfectly  awake 
and  looking  around.  On  my  cautiously  approaching  it,  it  remained 
unaware  of  my  proximity,  until  I  came  wiiliin  the  field  of  vision, 
when  it  startctl  suddenly  and  made  grimaces  as  if  in  terror  or  alarm. 
On  repeating  these  tests  when  the  monk«y  was  sitting  quietly 
along  with  a  companion  monkey  whose  powers  of  hearing  were  un- 
questionable, tho  companion  iuvuriaUy  Iwcame  startled  at  tho 
sounds,  and  came  peering  curiously  to  ascertiiiu  their  origiu,  while 
the  other  remained  quite  stilL** 

la  regard  to  the  seat  of  the  '  perceptive  centre'  for  tho 
sense  of  Smell  wo  have  nnaton»ici*l  indications  of  great 
value.     The  connection  of  the  *  olfactory  tract,'  with  the 

•  "  Functions  of  the  Brain,"  p.  17'i. 

t  Tliese  starlings  produced  by  near  noises  are,  as  Ferrier  veiT- 
justly  says,  *' to  be  regarded  as  reHex  phenomena  of  the  same 
nature  as  those  observed  by  Fluurens,  in  tho  case  of  pigeons 
deprived  of  their  hemispheres,  when  a  i)i;itol  was  fired  close  to  th« 
head." 
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tip  of  the  Temporal  Lobe  (or,  indeed,  the  actual  coutinm 
which  exists  between  these  parts  in  many  auinmls), 
Fcrrier  says,  **  might  of  itself  be  regarded  as  cstnblis: 
strong  grounds  for  a  phyeiolo^ncal  connection  between  th 
region  and  the  sense  of  smell."  He  adds  :  "  In  the  tuonk 
and  in  man  the  direct  connection  between  the  outer 
of  the  comparatively  small  olfactory  tract  and  the 
Bubiculam  "  is  not  so  evident,  though  in  the  monkey  it 
is  more  apparent  than  in  man.  The  origin  of  this  bo- 
oulled  root  from  the  subiculum  is,  however,  thoroughly 
established  by  microscopical  investigation." 

A  lesion  of  one  subicnlnm  was  found  to  cause  diminu- 
tion or  abolition  of  Smell  on  one  side,  viz.,  Uie  aide  of 
lesion — thus  confirming  the  direct  rehition  above  iudictite 
For,  as  Fcrrier  points  out,f  **  Neither  the  inner  roots  whic 
fuse  with  the  gjTus  fornicatus  on  each  side,  nor  the  out 
roots  which  are  connccled  with  the  sulncula,  and   then 
through  the  posterior  pillais  of  the  fornix  with  the  opll 
thitlami,  undergo   decussation,    and    hence    there   is   no 
anatomical  basis  of  cross  connection  between  the  olfacto 
bulbs  and  their  cerebral  centres/'     Destruction  of  bo 
these  regions,  was  found  to  cause  loss  of  Smell  on  bo 
sides,  of  a  permuuent  character*^ 

*  This  nanin  is  glvea  to  ilie  inner  part  of  tha  tip  of  the  'IVni] 
ral  Lobe,  or  more  precisely  to  the  lip  of  the  Mincinato  conv.luUo 

t  Loc.  cit.  p,  18o. 

X  An  attempt  to  explain  ibc  lack  of  decussation  of  the  olfacto 
channels  has  been  huzarded  on  p.  482.     The  8i*n»e  of  Smell  (the 
or^ns  of  which  are  situutcd  on  each  aide  of  the  middle  line  of  the 
body)  is  just  that  mode  of  sensibility  in  which  no  discrimination 
ever  made  b«;*tween  the  imprenMons  coming  from  th©  two  sides.    N 
sort  of  disturhaufe  or  embarrufsmont  wonld  therefore  Bceta  likely 
to  be  proiliiced  from  tiie  fuct  that  impresHiong  of  timoU  from 
riff)U  uostril,  are  bronght  into  relation  in  the  corresponding  Ce 
bral  Ht^ntisphcre  with  fjiistatory,  vibuul.  auditory,  and  tactile  i 
pres«iona  emanating  from  the  J* ft  side  of  the  botly,  and  rice  vn 


be     H 
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Owing  to  the  protected  position  of  the  tip  of  the 
Tfuiporal  Lobe,  accurate  limitation  of  IcBions  in  this  situa- 
tion was  fontid  to  bo  almost  impossible.  Hence,  though 
the  *  ceutre  '  for  Taste  is  believed  by  Fcrrier  to  be  imme- 
diately contiguouB  with  that  for  Smell,  viz.,  iu  *'  the  lower 
part  of  the  raidJle  temporo-sphenoidal  convolution/*  at 
the  tip  of  the  Temporal  Lobe,  he  is  unable  to  speak 
with  so  much  certainty  as  to  this  localization.  *'  The 
abolition   of   taste,"    ho   ssyB,    "always   coincided   with 


Tig.  I76L  — Br«t»  of  Muukoj,  thnvrfng  «luidod  uen  In  Totnponl  Lobe,  the  dCffcruc- 
Ucm  of  wliich  eniuwd  hMtvf  Siaall  uii  tlio  mno  lidOiUid  lou  of  TUU  un  the 
uppoaltfl  aldo.    (Fcrrier) 


destruction  of  regions  situated  in  close  relation  to  the 
subiculum  ;  '*  whilst  in  favour  of  the  part  alwrc  defined 
being  the  ccnti-o  for  Taste,  he  remarks  that  irritation  of 
this  portion  of  the  *  middle  temporal  convolution  *  leads  to 
movements  of  the  lips,  tongue,  and  cheek  pouches,  which 
he  regards  as  *'  reflex  movomenta  consequent  on  the  ex- 
citation of  the  gustatory  sensation.**  Destruction  of  this 
region  on  one  side  produced  temporary  loss  or  impair- 
ment of  Taste  on  the  opposite  side  of  the  tongue;  whilst 
the  loss  of  this  sense  became  complete,  double,  and  per- 


L. 


639 


rilKF.XOT.OGY :    OLD    AND    NEW. 


luaneut,  wlicu   llie   same   piirb   nus  d':3tro}'ed   on 
fiides.* 

Deslriiution  of  the  whole  of  the  tip  of  one  Tempoi'ul 
Lobe,  was  found  to  produce  a  temporary  loss  of  Smell  ou 
the  same  side  aud  loss  of  Tiiste  ou  the  opposite)  side. 

Id  regard  to  the  scat  of  the  '  centre '  for  Tactile  and 
Common  Sensibility,  some  difficulty  was  at  first  experi* 
cnced  in  fixing  upon  any  site  which  seemed  especially 
concerned  with  such  impressions.  Ferrier  says:  "  Aft«r 
nnmerons  experiments,  in  which  almost  the  whole  outer 
surface  of  the  hemisphere  had  been  successively  destroywl 
without  causing  loss  of  the  sense  of  touch,  it  seemed  to 
me  strange  if  such  an  important  intellectual  sense  should 
not,  like  the  others^  have  a  special  centre  in  the  hemi- 
sphere. My  attention  was,  therefore,  directed  to  the  inner 
aspect  of  the  temporo-sphenoidal  lobe,  and  to  devise  a 
method  by  which  this  region  might  be  renched  and 
destroyed."  Ferrier  soon  succeeded  In  getting  at  this  region 
from  behiud,  and  his  subsequent  experiments  induced  bim 
to  regard  the  'hippocampus  ninjor  '  aud  the  overlnng 
'  unciuate  couvolution '  as  the  parts  which  are  specially  to  bo 
regarded  as  the  centre  for  Tactile  Impressions  (fig.  177). 
Destruction  of  this  region  causes  complete  loss  of  sensibility 
in  the  opposite  half  of  the  body,  and  that,  too,  of  a  more 
permanent  character  than  the  diminution  which  occurs  is 
other  modes  of  sensibility  from  unilateral  dostraction  of 
their  convolutional  '  centres' — a  result  which  is  so  far  in 
exact  accordance  with  what  may  be  frequently  recognixed 
as  the  effect  of  disease  of  the  Brain  in  Man.f 


*Fcrner  saya:  "  Withtlie  abolition  of  taate,  cutaneous  aenaibifity 
oftheton^nc  wna  alno  abolitibed,  a  fact  indicating  the  amociAtion 
in  Iho  hcuiiBphere  of  the  centres  of  tactile  aod  vpecial  seDsatioa  la 
the  topRue."     iLoc.  cit.  p.  189.) 

t  "Paralyeia  from  Brain  Diseaiie,"  1875,  pp.  100,  12U 
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As  regards  the  establishment  of  the  uxisteiice  or  absence 

of  Tactile  Sensibility  in  an  animul  under  observation,  the 

inie  kind  of  difficulty  Ik  cncouiilered  as  in  repjard  to  the 

icr  senses,  owing  to  the  uncertainty  besetting  the  dia- 

'inuiiation  of  a  mere  reflex  reaction  to  stimulation,  from 

one    which    has    resnlted    from    n  conscious    Perception. 

lerrier  therefore  *'  endeavoured  to  apply  such  tests  as 

light  clearly  distinguish  between  the  two  cases,  relying 

on    the   evidence   furnished    by   the    spontaneous 


177.— lutenut!   Afpoct  o/  tho  Tifs,hl  HcMtiifipbct*  «/  llio   nraln  of  a  Monkey, 
itwlDjpt  A  dArkty  ftbtidorl  un  A  corrDftpondfng  wtth  the  »o-ciiUe<l  ' TaiUlo  <?«tilre.'  ttiHl, 
<tott««l  IltWM,  Uiv  dlmctluii  111  wbivb  mi  liwlmiuouC  w-m  iiinertu<i  fur  tbo  dMtnic* 
tkni  of  tbU  u-oo.   (Forrlor.) 

aetivity  of  the  animal  than  on  mere  response  to  cutaneous 
stimulation." 

He  operated  upon  a  Monkey  which  was  in  the  main  left- 
handed,  that  is,  one  which  took  things  offered  to  it  pre- 
ferably with  the  left  hand.  •*  For  this  reason  the  right 
hippocampal  region  was  destroyed,  with  the  view  of  affect- 
ing the  sense  of  touch  in  the  limb  which  tho  animal 
usually  employed."     The  results  are  thus  described.* 

"After  recovering  from  the  operation  and  the  narootio  stupor, 
«tght  and  hearing  were  foond  to  be  uu impaired,  and  tho  intelligence 
quick  and  active  as  before.    Hnt  nitancoua  Btiraulution  by  pricking, 

♦  Loc.  cit  p.  171' 
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pinching,  or  pnngeiit  Iieat  siifHcientto  canne  lively  ninnifestatioDfl 
of  sensation  when  upplied  to  the  right  »ide  of  the  body,  failed  ia 
general  to  elicit  any  reaction  whatever  on  the  lert  f*iOc  whether] 
face,  hand,  or  foot.  Only  occasionally  when  the  stimulus  wa« 
iht^MRe  or  lon(:j  continneJ,  did  reaction  at  all  enene.  Thia  motft] 
remiirkable  absence  of  response  of  any  kind  rendertnl  the  fuel 
annihilation  of  tactile  sensibility  almost  completely  proved  withoni 
further  evidence." 

An  alteration  in  the  cliaracler  of  the  Movomonts  capable 
of  being  executed  Ly  the  loft  liraba  also  existed,  which,  a» 
Ferricr  thinks,  was  of  the  kind  *'  due  to  the  loss  of  tactile 
sensation  by  which  movements  are  guided."  It  seemi 
almost  more  than  doubtful,  however,  in  the  face  of  mnoUj 
recent  evidence,  whether  'ataxj'  of  Movement  is  nec^9«1 
Barily  or  even  ever  occasioned  by  mere  loss  of  cataneuui 
sensibilitj'  (see  pp.  682,  700). 

But  a  digieasion  becomes  needful  at  this  point,  ou 
account  of  the  complex  nature  of  Tactile  and  Commott| 
Sensibility,  and  their  relations  to  the  Eo-called  sixth  or 
*  Muscular  Sense,'  It  is  highly  important  that  definite 
notions  should,  if  possible,  be  arrived  at  in  regard 
the  latter  endowment,  in  order  that  wc  may  learn  how  far 
anytliing  worthy  of  the  name  exists,  apart  from  the 
yarious  modes  of  Tactile  and  Common  Sensibility — an( 
also,  incidentally,  what  mode  of  sensibility  it  is  by  wluch 
Movi^ments  are  principally  guided. 

Under  the  head  of  Tactile  and  Common  Sensibility  ara 
to  be  included  many  different  kinds  of  Impressions  moro^ 
or  less  distinct  from  one  another.     Thrown  into  a  tabul 
form  they  may  be  thus  arranged  : 


From     Skin     and 


1.  Tautile  impressions  proper. 

2.  ItnprcBsious  of  contact  and  pretsara 
4.  Impressions  of  tem^ieratunL 

3.  ImpreasioDS  of  piun. 


VIIIIENOLOGY:    OLD    AND    NKW. 


541 


1.  Iinpressiona  (ill  deBned)  of  struin  or 

teDBion. 

2.  Inipresbions  of  psin  (rare). 


don»,  and 


^'""■•-    (  2.  In! 


Impressions  (ill  defined)  of  strain  or 
pr^flsure. 
pressUms  of  pain  (rare). 


d.  From  Fuccni. 


C  1.  Im|»r«iPsion3   of  conlnct   or  pressnre 

<  (niro). 

C  2.  Iinprct*Bion8  of  pain  (more  common). 


IThe  different  modes  of  sensilnlity  boLli  in  Skin  and  in 
ucous  "Membranes  are  found  to  vary  in  their  acuteness 
in   certain   diseases  of  the  Cord  or   Brain,  quite  out  of 
relation  to  one  another.     Thus  the  ability  to  discriminate 
^Between  heat  and  cold,  or  the  sensitivity  to  painful  im- 
^ftressions  may,  either  separately  or  together,  be  abolished 
^Ki  parts  which  arc  still  sensitive  to  impressions  of  eon- 
^Hftct    (tactile   sensibility  or  toueh  proper),  or  rice  verm, 
^^Henco  it  is  that  some  distinguished  physiolo«]^sts  believe 
those  different  kinds  of  Imprcssiona  to  bo  conducted  by 
separate  nerve  fibres  ;  "whilst  others,  with  as  much  evidence 
^^n  favour  of  their  view,  consider  that  the  same  nerve  fibres 
^Kro  capable  of  bcin^  impressed   in  different  modes,  so  as 
^Ho  conduct  difforctiL  kinds  of  molecular  vibrations — and 
^Kbat    they   may   hence  give  rise  to    Impressions,  whose 
^Kubjective  phases  differ  to  the  extent  above  mentioned. 
^^     Pussinj;  from  considerations  of  this  kind,  wo  have  now 
to  face  the  related,  though  much  more  important,  set  of 
questions,  bb  to  the  existence,  natare,  and  origin  of  a 
Bcparate  endowment,  commonly  spoken  of  as  the  Muscu- 
^Jat  Sense.      These  questions   have  much   occupied  tho 
^Htttention  of  physiologists,  pathologists,  and  psychologists 
— a»id  especially  the   latter — during  recent   years.      So 
^-inuch  importance,  indeed,  is  assigned  to  the  *  Muscular 

L: 
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Sense*  impressions  by  psychologists  that  it  becotues  aboi 
all  thinfSH  nncessary  for  clear  aiiJ  cnmprtihensive  iiolioni 
to  .be  entcrtainctl  ua  to  tLe  roiil  nntuie  of  any  such  cu- 
dowmcnt.  Prof*  Hnin,  for  instance,  maintains  that  unh 
certain  views  are  held  in  regard  to  the  muscular  sci 
unless  it  be  deemed,  as  ht>  terms  it,  an  '  active  '  modi 
of  sensibility  directly  dependent  upon  motor  nervcfi  ani 
motor  centres — "the  most  vital  distinction  within  th< 
sphere  of  mind  is  bereft  of  all  physiological  support."^ 
This  may  or  may  not  be  true ;  but  in  any  case  it  shoi 
the  imi>orlanee  of  being  able  to  arrive  at  correct  notloni 
concerning  an  endowment  njion  the  nature  of  which 
much  of  philosophical  doctrine  is  supposed  to  depem 
Croom  Kobertson  bus  also  of  latof  referred  tn  the  sul 
ject  as  ''one  of  the  firtit  importance  in  the  psychology* 
the  present  day." 

The  views  exprosscd  at  different  limes  in  regard  to  tl 

*  Muscular  Sense,*  aud  the  means  by  which  we  appreciat 

*  resistance  '  have  been  so  various  and  contradictory  as  to 
make  it  almost  impossible  to  give   the  student  of  thisj 
qut'stion  any  adequate  notion  of  the  real  problems  reqoiriu| 
solution  without  bringing  together  some  historical  notes 
illustrative  of  the  various  opinions  that  have  been  hob 
on  the  subject.     Some  of  tlicso  notes  of  earlier  date  wr 
originally  supplied  by  Sir  AVm.  Hamilton  ;  but,  aa  much 
liglit  has  recently  been  thrown  upon  the  subject  by  obficr*j 
vatioimof  casesof  Ilemi-anjrstLesiaoceurriugiu  the  humaiii 
subject  it  is  in  all  respects  convenient,  and  even  necessary, 
that  the  whole  question  Khonld  be  reconsidered.     Thi 
has  been  doui ;    but  as  tlje   diKcussIon   of  the  qneatioi 
constitutes  a  digression  too  lengthy  to  be  introduced  ini 
this  chapter,  and  as  it  is  evidently  technical  in  nature, 

■  '•  Sonsea  and  Intellect,"  3rd  ed.,  p.  77. 
t  "AIin(l,"1377.  p.  PS. 
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Las  been  tbongltt  bolter  to  relegate  it  to  nn  Appendix 
(p.  G91),  and  bcre  merely  to  introduce  tbe  view  wbicL  seems 
best  supported  by  tho  evidence  tboro  adduced,  together 
with  some  supjjefitions  which  may,  porhnps,  be  calculated 
to  obviate  confusion  in  tho  futnre. 

The  coDclnsion  there  arrived  nt  is  that  the  terna 
'  Muscular  Sense  *  oiifyht  to  be  aboli-shed,  as  being  in 
several  respects  raislendinff,  when  applied  (as  it  often  is) 
with  totally  distinct  sigtiiticntions,  partly  refen-ingto  some 
and  partly  to  all  the  impressions  which  we  derive  from 
onr  moving  members,  or  from  Movements  generally.  Wo 
moy  mnch  more  reasonably  and  conveniently,  in  the  face 
of  all  the  disagreements  concerning  the  'muscular  sense,* 
Bpcak  of  a  Sense  of  Movement,*  as  a  separate  endowment, 
of  a  complex  kind,  whereby  we  are  made  acquainted  with 
tbe  position  and  movements  of  our  limbs,  whereby  we  judge 
of  '  weight*  and  'resistance,'  anti  by  means  of  which  tho 
Brain  also  derives  much  unconscious  guidance  in  the  per- 
formance of  Movements  generally,  but  espociGlly  in  those 
of  tho  automatic  type.  Impressions  of  various  kinds 
combine  for  the  perfection  of  this  'sense  of  movement,' 
and  in  part  its  cerebral  scat  or  area  coincides  with  that  of 
the  sense  of  Touch.  There  are  included  under  it,  us  its 
.fsveral  components,  cutaneous  impressions,  impressiona 
from  muscles  and  other  deep  textures  of  the  limbs  (such 
as  fasciie,  tendons,  and  articular  surfaces),  all  of  which 
yield  Conscious  Impressions  of  various  degrees  of  deli- 
nitenesB ;  and  in  addition  there  seems  to  be  a  highly 
important  set  of  'nnfelt'  Impressions,  which  guide  tlio 
motor  activity  of  the  Brain  by  automatic  ally  bnnging  it 


*  Or  in  one  word,  Kiaicsthesia  (from  ihccw.  to  move  and 
Qur$T]tnt,  sensation).  To  s[>eiik  of  a  'Kinrtjsthetic  Centre'  will 
certainly  bo  found  more  convenient  than  to  speak  of  a  '  Sense  of 
Movemont  Centre.' 
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Into  relation  with  the  different  degrees  of  contraction 
all  Muscles  that  may  be  in  a  state  of  action. 

Such  impressions,  in  such  groups,  differ  froni  those  of 
all  other  Sense  Endowments  inasmuch  as  they  are  *  resuUs' 
rather  than  '  cnnses*  of  Movement,  in  the  first  inst^nco; 
and  are  subsequently  used  only  as  guides  for  promoting 
the  continuance  of  Movements  already  begun  (p.  G9), 
in  other  cases  the  *  ideal  *  revival  of  some  such  itnpressii 
will  cooperate  with  certain  sensorial  or  '  volitional '  atiiui 
for  the  renewal  of  Movements  that  have  been  executed  at 
some  previous  time. 

The  experiments  of  Ferrier  are  thought  by  him  to  sh( 
that  the  sensibilities  pei*tuiuing  to  Muscles,  Faeciffi,  T« 
dons,  and  Joints  depend  upon  Impressions  which  diffui 
themselves  in  and  from  the  uime  cortitud  artui  an  that 
which  i8  related  to  the  more  superficial  Cutaneous  ImpreS' 
sioTnt.  By  certain  cortical  lesions,  as  well  as  by  lesions  of 
the  posterior  part  of  the  *  internal  capsule,'  all  these  modes 
of  Tactile  and  Common  Sensibility  have  been  thuught  to 
be  impaired  or  abolished  together. 

It  is  quite  possible,  however,  to  find  that  in  certain 
diseases  of  the  Spinal  Cord,  the  sensibility  of  the  Skin  may 
bo  imptiired  or  lost,  whilst  that  of  the  Muscles  and  other 
deeper  structures  is  retained  ;  or  in  other  cases  for  the 
sensibility  of  the  Skin  to  be  preserved  whilst  that  of  tho 
Muscles  is  lost ;  •  and  in  others  still,  for  ordinary  superficial 
and  deep  sensibility  to  be  preserved,  whilst  the  transit  of  the 
'unconscious*  impressions  from  Muscles,  above  referred 
to,  is  more  or  less  interfered  with,  so  that  whilst,  in 
snch  n.  case,  there  is  neither  motor  nor  sensory  paralysis, 
there  may  be  an  inability  to  co-ordinate  Movements  with- 
out tho  aid  of  Sight. f 

*  Jnccoud,  *'  Ijcs  pampl^*gieR  ct  Tataxic,"  18t>4. 
t  Laudry,  "Traite  deH  pnndysioi,"  18r»y. 
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In  regard  to  Visceral  Impressions,  the  reader  must 
now  1)6  well  aware  tlmt  senBatioiiH  are  not  linbituallj 
received  Ironi  iiilernal  orj^nnR,  and  that  vaguo  impressions 
only  are  felt  at  intervals  so  long  as  these  organs  continue 
in  a  healthy  condition.  That  iuipreasions,  however, 
habitually  pass  from  some  of  the  viscera  to  the  Brain, 
although  devoid  of  conscious  accoropanimentSj  can  be 
shown  by  good  indirect  evidence.  Systemic  impressions 
are,  in  this  manner,  liable  to  exercise  an  important 
influence  upon  the  general  cuncnt  of  our  Thoughts  and 
Emotions,  and  they  may  also  modify  to  a  marked  extent 
the  activity  of  the  Hrain  wilhin  the  spheres  of  one  or 
more  of  the  Special  Senses,  Thus,  though  not  tliemselvea 
attended  by  Consciousness,  it  is  nnqiifslionulily  tnio  that 
^•anous  '  visceral  impressions  *  powerfully  modify  the  Con- 
scious Life  of  lower  animals  as  well  as  of  Man. 

It  is  more  than  probable,  therefore,  that  these  Systemic 
Impressions  pass  by  definite  routes  through  ilie  Medulla 
and  lower  parts  of  the  Jiriiin,  and  tlience  upwards  to  somo 
deiiuite  region  of  the  Cerebral  Cortex,  whence  they  pnssi- 
lily  radiate  in  different  directions.  The  fact  that  Hie 
impresMions  are  of  an  '  unconscious  *  type  need  not  inspire 
doubts  as  to  whether  they  reach  the  Corcbral  Cortex.  The 
probabilities  are  greatly  in  favour  of  Uicir  doing  so. 

The  parts  of  tlio  Cortex,  however,  to  which  such  impres- 
sions principally  proceed  is  at  present  unknown.  Ferrier 
is  inclined  to  believe  that  thoy  go  to  the  Occipital  Lobes, 
But  the  evidence  adduced  by  Lim  seems  to  the  writer 
inadequate  to  snpport  such  a  conclusion,  and  ho  himself 
does  not  strongly  insist  upon  it.*  Apart,  moreover,  from 
the  dubious  nature  of  the  special  evidence  upon  which 
Fcrrier's  opinion  in  regard  to  the  cerebral  localization 
of  Visceral  Impressions  is  based,  this  conclusion  is  one 
»  "Funaiona  of  the  Drain,"  p.  102 
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which  docs  not  commend  itsolf  verj  highly  when 
by  general  evidonco  open  to  all.  It  is  Burcly  a  littlo 
repngnnnt  to  warrantable  inferences  to  be  asked  lo  believe 
that  imprcHsionfi  so  priraonlial  as  the  'systemic'  throngh- 
out  the  Tertebrate  Series  (and  which  would  seem  to 
diminish  rnther  than  increase  in  importance  in  Qie  }iigh(;r 
members  of  the  series)  should  have  most  to  do  with  one 
of  the  lattist  evolved  and  most  specialized  portions  of 
Cei'ebmra.  This  general  evidence,  indeed,  as  the  wri 
has  elsewhere  sngrrested,  points  rather  to  the  greater  pro 
portionate  implication  of  the  Occipital  Lobes  with  the 
hiffher  Intullectnal  Activity  of  which  the  animal  is 
capable.*  The  latter  notion  has  also  been  supported  by 
Dr.  Hiiffhlings  Jackson  and  others,  because  of  its  accord- 
ance with  many  facts  supplied  by  sufferers  from  diseases. 
of  the  Brain.  ^H 

It  does  not  at  all  follow  that  Visceral  Impressions  froB^^ 
the  two  sides  of  the  body  should,  like  the  majority  of 
sensory  impressions,  decussate  in  some  part  of  tlwir 
course  to  the  Cerebral  Hemispheres.  No  similar  advantai^e 
would  result  from  the  decussation  of  such  impressicms. 
In  the  first  place,  no  uniform  bilateral  symmetry  ia  met 
with  throughout  the  Viscera;  and  secondly,  if  the  crossinjj 
of  other  s?nsory  strands  has  been  brought  about  in  tlie 
manner  we  have  attemptel  to  indicate  (p.  478)  no  object 
would  be  gained  by  a  similar  decussation  of  Visceral  Im- 
pressions. This  is  obvimiH  when  we  consider  that  Visceral 
Impressions  carry  with  them  no  tendency  or  need  to  evoke  i 
the  activity  of  merely  one  side  of  the  body.  So  far  as 
Ihey  pass  to  the  Cerebrum,  and  excite  the  action  of  *  organs 
of  relation,'   thfy   would   appear  to  act  only  tlirough  the 

*  "The    Human     Brain/'    ^fa*^m^l!nn*6  Mtujar.tnr,    Nov.    I>?*>5. 
The  snme  view,  it  appcure,  wan  put  forward  by  Dr.  CariTcater 
the  SiiL  ^  For.  Med.  Chir,  M^vieus  for  Oct  ISitf. 
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inU;rmediatiou  of  impressions  from  the  Special  Senses, 
the  centres  of  wiiich  have  been  awakened  and  rendered 
more  receptive  by  Leiiifi  bronpht  iuto  relatiou  with  diutinct 
tbougb  *  unconscions  *  Visoeral  Imprcasions. 

It  wonld  seem,  indeed,  from  some  obserAations  wLicU 
hnvo  Loon  already  made,  llmt  in  many  oiisos  of  Jlemi- 
aiifcstbcsia,  the  viscera  remain  at  least  as  tender  as  ever 
nnder  firm  pressure  upon  bath  sides  of  the  body ;  and 
this,  of  course,  would  indicate  that  tlio  cerebral  channels 
for  these  iniproHsionH  do  not  intermix,  in  the  rcj^ion  of 
the  'internal  capsule/  with  those  of  other  modes  of  sen- 
sibility. 

And,  thongh  their  so-calied  *  Centres  *  may  alsu  be  dif- 
ently  sitoated,  it  is  pretty  certain  that  Visceral  Im- 
pressions must  either  radiate  into,  or  be  brought  into 
intimate  connection  with,  somo  parts  of  the  provitico  of 
each  of  the  Special  Senses,  since  they  all  so  fretiueutly 
interact  in  the  manner  already  referred  to.  The  inter- 
action does  not,  however,  only  take  place  in  one  direction. 
There  is  on  the  part  of  the  *  Sexual  Appetite,*  as  Prof. 
Bain  points  out,  '*  a  many-sided  susceptibility  to  inllam- 
mation,  through  all  the  senses,  through  tho  trains  of 
thought,  and  through  emotions  that  are  not  sensations." 
To  a  less  extent  a  similar  *  inlluiumubility  *  by  means  of 
sensorial  impressious  also  obtaiys  in  regard  to  the  '  Ap- 
petite for  Food.* 


CHAPTER   XXVI. 


WILL   AND   VOLUXTARY   jaoVEiinNTS. 


"  We  fiud  in  ourselves,"  says  Locke  (1690),  *'a  Power  to 
Legiu  or  forbear,  continue  or  end  severfll  Actions  of  onr 
Minds  and  Motions  of  oar  Bodies^  barely  by  a  Tbougbt 
or  preference  of  the  Mind." 

Hero  the  scope  of  that  ability,  which  goes  by  the  namo 
of  '  Wiir  or  'Volition,'  is  clearly  enough  marked  out 
by  one  who  may  be  styled  the  father  of  our  modem 
Psychologj-. 

In  regard  to  the  second  of  the  spheres  above-mentiont 
for  the  exercise  of  Will,  viz,,  its  influence  over  **  ll 
Motions  of  our  BodteB,"  Locke  ventured  upon  no  details;^ 
and  even  at  a  much  later  period  Hume  (1747)  was  aUll 
only  able  to  proclaim  the  complete,  and,  as  he  thonghti 
hopeless  ignorance  which  rei|,nied  thereon.  **  The  moliofl] 
of  our  Iwtlies,"  he  said,  *'  follows  upon  the  command 
our  Will.  Of  this  we  arc  every  moment  conscious.  Bnt^ 
the  means  by  which  this  is  effected ;  the  energy  by  which 
the  Will  performs  so  extraordinary  an  operation ;  of  this 
we  are  so  far  from  beiTi):^  immediately  conscious,  that  i%- 
must  ever  escape  our  diligent  inquiry.** 

Hartley,   in  his  "  Observations   on   Man,"  publishi 
only  one  year  later  than  Hume's  *'  Inquiry/*  made,  howi 
ever,  some  vuliiablo   and  very  sagacious  remarks  on  tl 
causes,  modes  of  acquisition,  and  mutual  relations  of  the 
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[fferent  kiDds  of  Movements  which  we  are  capable  of 
executing.  So  just  were  his  observations  thai  they  still 
represent  the  basis  of  oar  kuowledrje  on  this  subject. 

Hartley  souj^ht  also,  though  with  less  success,  to  make 
a  first  rough  classitication  of  Movements,  from  the  point 
of  view  of  the  mental  stitte  or  process  by  wlilch  they  were 
preceded,  when  he  said: — *'  Of  the  two  sorts  of  Motion, 
viz.,  Automatic  and  Yoluntary,  the  first  depends  upoa 
Sensation,  the  last  upon  Ideas." 

This,  even  apart  from  certain  necessary  qualifications 
which  Hartley  would  have  himself  assented  to,  cannot  be 
regarded  as  a  very  correct  generalization.  Some  auto- 
matic actions,  such  as  those  of  tlie  Heart,  Intestines,  and 
other  Tiscera,  are  dne  to  '  unfelt '  Impressions  which  can 
scarcely  be  called  Sensations  ;  whilst  others  are  incited  by 
those  *  inLernally  initiated  '  feelings  known  as  Emotions — 
which  are  more  akin  to  Ideas  than  to  Sensations.  Again, 
Ideas  are  sometimes  provocative  of  automatic  movements, 
as  when — to  name  only  one  of  the  best  instances — a.  ludi- 
crous Idea  impels  ub  to  Laughter;  though  in  multitudes 
of  other  instances  it  is  perfectly  true  that  Ideas  are  the 
primary  incitors  of  Voluntary  Movemeuta.  Between 
these  extremes,  moreover,  numerous  iusensible  grada- 
tions are  to  bo  mot  with  ;  we  have  movements,  for 
instance,  that  are  scarcely  to  be  termed  Automatic,  and 
yet  which  physiologists  have  also  deemed  desirable  to 
mark  oflf  from  the  category  of  strictly  Voluntary  Move- 
ments— as  the)'  have  shown  by  their  application  to  them 
of  the  epithet  *  Ideo- motor.' 

That  actions,  which  are  at  first  Voluntary,  tend,  after  a 
time,  when  fre(p]cntly  repeated,  to  become  truly  Automatic, 
Hartley  was,  of  course,  fully  aware.  It  was  he  who  first 
proposed  to  class  such  actions  as  *  Secondary  Automatic,* 
in  opposition  to  those  of  his  *  Primary  Automatic '  category 
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— including  undor  this  latter  Lead  iictiLtus  wliicli  iLe  in* 
dividual  bas,  from  the  first,  performed  nutomaticulJy.  He 
endeavoured  to  formulate  some  of  the  grounds  for  di^ 
tinguishing  Voluntary  Actions  from  those  which  are,  u3 
he  RayR,  '*  to  he  esteemed  less  and  less  voluntary,  semi* 
voluntary,  or  scarce  voluntary  at  all." 

This  latter  suhject  was,  however,  discussed  more  effe 
lively,  at  a  later  period,  by  James  Mill.     It  is  one 
considcralde  importance,  since  it  involves  an  attempt 
discover  the  real  nature  or  elementary  constituents  of  thi 
]>haBe  of  ]Mtud  which  we  name  Volition.     Oa  this  Buhji 
James  Mill*  advances  the  following  opinions: — 

"  There  api>ears  uo  circumstance  hy  which  the  cases  call* 
voluntary  are  disttngnished  from  the  involuntary,  except  that 
the  vuluntary  tlicrc  exists  a  DesifR.  Shedding  tears  at  the  bearii 
of  a  tmiyic  story  we  do  not  desire  to  wei'p;  laughing  at  the  rrcil 
of  a  comic  story  we  do  not  desire  to  lau<{li.  Jiut  when  we  eIiA7a1 
the  arm  to  ward  off  a  blow,  we  Jesire  t<>  lift  the  arm ;  when 
turn  the  head  to  l(fok  at  somD  attractive  object,  we  dcaire  to  m< 
tlie  head.  I  boHevc  thiit  no  ouhc  of  voluntary  action  can  be  mei 
tioned  in  which  it  would  not  he  an  appropriate  expression  to 
the  action  'desired.'" 


If  there  is  interiiolated,  therefore,  between  a  Sensatic 
or   an  Idea,  and   the  Movement   which  it  may  evoke, 
feeling  of  an  eniutional  order,  known  as  Desire,  a  mov( 
meiit    which   would   otherwise   have    been    described 
*  Sensory-motor '  or  *  Ideo-motor,*  becomes  entitled  to 
known  as  a  Voluntary  ^lovcmcut.f     This  is  the  first  ai 

*  "  AnalysiB  of  the  Ilaman  Mind."  1830,  p.  270. 

+  Hartley's  view  waa  very  Hirailar.  Uo  »ay» :— "  The  H' 
appears  to  be  nothing  but  a  desire  or  aversion,  suflScieotly  slfoi 
tn  produce  an  actiuu  that  is  nnt  automutii',  primarily  or  Kec<m( 

The  ^Vill  ifl,  Iherefore,  that  desire  or  aversion  which 

strongest  for  the  present  time."     AVliich  mental  mood  is  to  prcv; 
is  aoraotimes  immediately  settled,  and,  at  other  times,  only  after 
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lost  important  distinction  drawn  by  James  Mill.  But^ 
as  the  same  phUosophor  afterwards  points  out,  soroetLuig 
else  accorapanicB  or  immediately  follows  the  emotion  of 
Desire — viz.,  an  Lka  or  Conception  of  the  kind  of  Mave- 
ment  needed  for  the  gralificntioa  of  the  Desire. 

It  seems  generally  admitl^'d,  therefore,  by  the  philo- 
sophers above  quoted,  as  it  is  by  others,  that  the  motions 
of  our  bodies  are  bejjun,  continued  or  ended,  as  Locke 
put  it,  "hnrely  hy  a  Thnu'^ht  or  preference  of  the  Mind." 
Impressions,  Sensations,  Emotions,  Thoughts — these  are 
the  mental  states  which,  singly  or  in  combination,  are 
followed  by  Movements.  As  to  any  details  pertaining  to 
their  incitalion  and  actual  accomplishment,  little  or 
nothing  more  is  known  with  any  degree  of  certainty. 
Writing    in    18iJ0,»    James    Mill    said:    "Wo   do    not 

I  undertake   to  say  what  physical  links   are  between  the 
fde&  and  the  Contraction,  any  more  than  between  the 
iBensution  and  Contraction.     The  Lira  is  the  last  part  of 
me  Mental  operation." 
P   If,  however,  this  he  really  so,  if  beyond  the  mental 
states  or  processes  abovo  euumerateJ,  we  have  iu  Voluu- 
^^ory  Acta  mere  physical  changes  in  nerve  and  muscle,  as 
^HBumc  and  James  Mill  averred,  there  is  the  less  reason  for 
"      surj)rise  that  some  philosophers,  such  as  Diignkl  Stewart 
and  Dr.  Thomas  Brown,  should  have  delibcriLtely  omitted 
to  discuss  '  Will '  as  a  distinct  section  of  oar  Conscious 
fife.    **  To  know  all  our  sensitive  states  or  affections/'  the 

ess  of  Dclibemtioiu  aud,  concerning  this  procetis,  Hobbos  says: 
"The  whole  sum  of  desires,  aversions,  ho|»es  and  fears,  continued 
I  ihe  thing  be  either  done  or  thought  iraposgibU',  ia  whul  wo  call 

eliberation** "Appetite,    therefore,   and   aversion   are 

simply  BO-calleJ  as  long  as  Uiey  follow  not  deliberation.     But  if 
deliberation    have   gone  Ijcforc,  then  the  last  act  of   it,   if  it  be 
petite,  is  culled  jcUl ;  if  aversioD,  unmllinQ\H't9" 
*  Loccit.  II.  p.  20a. 
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latter  suys,*  "  all  our  intellectual  states,  all  our  Emntioo?) 
is  to  know  all  the  states  or  pbenomeua  of  the  Mtud." 
The  precedence  of  one  or  other  of  these  subjectire 
phases,  or  of  compound  conditions  derived  therefrom, 
would  correspond,  as  ho  thought,  to  what  we  know  aa 
'  Will.*  Beyond  these  sabjective  phases,  wo  should  pass  in 
the  execution  of  Voluntary  Movements  from  the  sphere  of 
psychology  into  that  of  physiology  pure  and  simple. 


The  distinctness  of  the  Idaa  or  Conception  of  the  Mare* 
meat  (which  we  shall  presently  find  to  be  of  complex 
origin),  as  one  of  the  Conscious  Components  of  a  Voli' 
tion,  will  be  found  to  vary  much  Mith  the  degree  of 
familiarity,  or  ease  of  execution,  of  the  Movement.  And 
in  this  latter  respect,  of  course,  all  gradations  exist  be* 
twcen  the  simplest  kinds  of  Voluntary  Movements  and 
those  of  the  most  complex  order. 

We  may,  for  instance,  *  voluntarily  '  perform  some  move- 
ment which  frequent  repetition  has  already  made  easy, 
but  which,  for  the  most  part,  we  now  perform  *  auto- 
matically.' Tbo  lingers  of  a  sleeping  child  may  close 
over  an  object  gently  brought  into  contact  with  its  palm; 
or  when  awake  the  child  may  excite  a  similar  movement 
voltmtariiy.  An  object  brought  close  to  the  eyes  may 
cause  a  person  to  wink  involuntarily,  but  he  is  also  capable 
of  performing  the  same  act  in  a  voluntary  manner.  We 
may  lifl  the  arm  instinctively  to  ward  off  an  impcjidiug 
blow,  or  we  may  raise  it  in  the  same  manner  voluntarily. 
In  all  Buch  cases  the  Idea  or  Conception  of  the  Movement 
needed  scarcely  obtrudes  itself  at  all  as  a  consciouf 
element  of  the  '  Volition ' ;  this  is  a  part  of  the  process 
which  has  here  become  more  or  loss  latent. 

But  in  the  other  more  complex  category  of  Voluntary 
•  ••  Philo»opViy  of  the  Human  Mind,"  Lect.  xrii- 
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ActionR,  efforts  are  made  to  perform  some  new  combina- 
tions of  movements,  the  complicacy  of  wLicli  renders  them 
at  first  very  difficnlt  to  execute.  This  is  the  case,  for 
instance,  when  a  child  is  learning  to  write,  or  when  & 
youth  is  learning  to  dance  or  to  play  upon  some  mnsical 
instrument.  Li  every  such  case,  some  Idea  or  Concep* 
tion  of  the  kind  of  Moiwineni  needed  is  to  be  recog- 
nized as  a  more  or  less  distinctly  conscious  component  of 
the  'Volition  *  in  question, 

Wlieu  conimenciug  a  Voliintury  Movement  which  we  have  often 
provioniily  excmtecl,  we  iiiitiute  it  with  certain  prc-ijiterintiit^ 
qnalitios  altuuiit  intuitively  given  to  it,  aud  yet  in  the  8t;lection  of 
wtiich  we  are  cviiloittly  guided  by  past  exponence  and  education. 
A  Hiuiple  cuse  will  illustrate  thifi.  I  know  that  objects  hu%'irtg 
certain  viaiial  characters  have  usually  given  me  certain  impTf8«ionii 
of  'weight'  and  *  regititaQce*  when  I  have  provioutily  handled 
them ;  and,  therefore,  this  previous  experience  enables  me,  on  seeing 
such  an  object  aguin  and  deBiring  to  handle  it.  to  cotijure  up  a 
'conception  *  of  the  Movement  needed,  which,  though  it  may  be 
very  indinlinetly  realized  in  CoDscionsnoBe,  enablts  me,  in  Boma 
way,  to  give  the  Volitional  Act  its  necessary  qualiticalionH. 

This  power,  partly  inBtinctivc  and  partly  a  result  of  individual 
education,  has  been  made  the  subject  of  much  mysliticutiuu. 
Some  nscrilx^  it  to  a  '  locomotor  inBtinct/  pui-e  and  Kimj)le,  and 
thereby  ignore  the  fact  that  it  is  a  power  tlie  maniledtutioa  of 
which  is  greatly  regulated  by  individual  education.  Some  appeal 
with  vngue  gravity  to  the  intervention  of  what  they  term  *  motor 
intnitiontt' — meaning,  thereby,  something  pertaining  to.  or  havin}{ 
their  origio  in,  the  Motor  Centres  about  to  be  called  into  activity, 
but  wliich  yet,  beforehand,  in  some  way  help  to  determine  the 
mode  of  their  own  activity.* 


*  There  are,  in  all  probability,  in  Motor  Centres  multitudes  of 
different  combinations  of  cell-und-tibre  connectionB  which  have 
been  gradually  eNtublished,  aud  through  the  agency  of  which  Vuli- 
tional  Incitations  may  be  vit^ct'^j^arifiy  diatribnted  along  certain 'out- 
going '  libres,  so  as  to  call  into  activity  iu  delinite  modea  particu- 
lar groups   of  MuBcles.     There  seems  bo  good  reason,  howeveri 
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Jamos  Mill  held,  with  nioiv  ^how  of  reOHoii.  tliat  what  have 
oomiuouly  termed  'Mascuhvr  Sense* impresmoiis  intervene,  auJ  t*om« 
into  joint  operation  iis  dctermiuiog  agcntti,  at  a  stage  immediately 
posterior  to  the  Conception  above  referred  to,  and  anterior  to  th« 
actual  occnrrenc©  of  the  Voluntjiry  Movement.  If  wo  eubstitttta 
for  these  so-called  '  muscular  penae*  impresaioos,  our  Kiniesthetio-' 
Impressions,*  wu  may,  on  such  broader  terms,  adopt  this  view  of 
Jumes  Mill  na  fuirly  tyj>if)'in^  the  probable  modo  of  execution  o^ 
or  rather  order  of  procestes  involved  in,  the  initiation  of  Voluntary 
Movements. 

The  »ame  parts  of  the  iJntin  as  aro  called  into  play  for  tlit 
initiation  of  any  set  of  Voluntary  Movements  wnnld  probably 
remaiu  iti  activity  dnring  the  continuanoe  of  such  movements, 
though  perhaps  not  exactly  in  the  same  relative  proiwrtions.  Thu« 
an  *  itieal '  recall  or  '  conception  '  of  the  sensory  qualities  of  th« 
Movements  needed  operates  as  the  starting  point,  enabling  the  indi- 
vidual, from  an  already  existing  and  in  part  instinctive  basis,  to 
determine  how  to  aft  and  whot  force  (o  emjtloff ;  whilst,  dnring  tb« 
continuance  of  the  Movements,  ho  would  be  also  partly  influaDced 
by  actual '  sensations  *  realizing  themselves  in  the  8ame  pari*  of 
the  Brain,  and  icUing  him  hmv  h*J  m  artht<f  ami  what  force  he  u 
ernploifiii'j.f  Yet  in  the  two  cases,  the  relative  amount  of  activity 
of  the  sensory  centres  concerned  may  not  be  equal 

Thup.  if  we  snpjiose  the  centres  specially  called  into  activity  u 
guiding  centres  to  be  the  Visual  and  the  KinBoathetic,  it  may  be  that 
the  former  has  the  dominating  influence  in  the  production  of  the 
initial  Conception;  whilst,  during  the  continuance  of  tbe  Move* 
ments,  impressions  impinging  upon  the  Kinirsthetic  Centre*  may, 
in  their  turn,  have  n  more  potvnt  guiding  inHuenre.  If  a  person 
should  attempt  to  take  from  a  table  a  f;mull  bundle  of  cotton  wool 


why  any  such  organizations,  or  rather  the  functional  activity  of 
such  organizations,  should  be  spoken  of  as  'motor  intuitions,*  or 
why  the3C  should  be  deemed,  as  Dr.  Maudsley  Bays  ("Physiology 
and  Pathology  of  Mind,"  in  Chap,  on  '  Motor  Centres"),  to  coa- 
Btitute  an  "important  motorial  region  of  mental  life" — whatever 
that  may  mtmn.  Dr.  Mands1ey*s  views  on  this  subject  do  not  seem 
to  be  very  clearly  realizable,  though  his  Chapter  on  •Volition* 
is  extremely  good  and  free  from  all  ambiguity. 

*  See  p.  .".13. 

f  See  Appendix. 
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into  the  middle  of  wliicb,  unknown  to  him,  a  heavy  lenden  wei;;ht 
had  been  introduced,  tiia  initial  dctermiuiilion  of  the  Movvmont 
defined  to  be  adequate  would  need  reclilication.  and  in  such  a  cobu 
it  would  certainly  be  roctiHed  in  the  main  at  the  instigation  of 
^Jiinaoathelic  Iinpresaiuus. 

^K  Hitherto  reference  has  Iiecn  mnde  to  the  simpler  claBs  of  Volun- 

^H^ry  Movementa — to  those  in  which  the  movetuente  themselves  are 

^Kuniliar  or  eaf^y  of  execution.     But  where  the  movements  which  it 

^18  desired  to  execute  aru  complex  and  dilBcult,  and  we  have  to  Icam 

them  by  Imitfttion  of  the  movements  of  other  persons,  the  senM 

of  Sight  is  then  doubly  brought  into  piny.     It  is  neocssary  at  the 

commencement,   and   duiifiR  the  continuance,  of  our   efforts  to 

kpy  such  movementB.  to   look   alternnt^ly  at  onr  model  and  at 

ir  own  moving  nieinbcrB.     A  long  time  and  much  prncticeis,  in 

fact,  required  before  a  person  learning  to  dnnce,  or  to  play  upon 

Kme  musical  instrument,  is  able  to  execute  either  of  these  actions 
thout  the  aid  fr»)m  moment  to  moment  of  guiding  8if?ht  impres- 
ma.  "  1«  learning  to  dance.**  aa  Hartley  says,  "the  scholar 
sires  to  look  at  his  feet  and  legs,  in  order  to  judge,  by  seeing, 
when  they  are  in  a  proper  position.  By  degrees  he  learns  to  judge 
of  this  by  feeling;  but  the  viMible  idta  h'fl  partly  by  the  view  of 
his  muster's  motions,  partly  by  that  of  hid  own,  seems  to  lie  ihs 
chi*;f  aftt'triitit'4  ciiTUtnufance  thai  introiiuces  the  //ro/wf  vn'tinngV 
During  the  process  of  learning,  therefore,  tho  Visual  Centre  evi- 

Pdently  uxercises  u  douiinuting  intlueace. 
I  Tn  time,  however,  the  imprest^ions  pertaining  to  tho  '  Sense  of 
Movement'  (which  are,  of  course,  always  to  some  extent  associated 
with  those  of  Sight)  become,  by  way  of  their  organised  channels, 
sufficiently  freely  associated  with  them  and  with  the  newly  oi^n- 
i/ing  '  motor  *  nerve  channels  and  mechanisms,  to  permit  the  Move- 
ments wo  have  been  practising  to  he  performed  under  the  immediate 
guidance  of  Kiniusthetic  Impressions  only — without  further  neces- 
sity for  a  conjoint  direction  through  the  sense  of  Sight.  As  Jaccoud. 
liiowever,  points  out  [L^.b  parnpUgies  ci  rtiMo-Jc,  p.  6C»1)  the 
jnsorinm  requires  to  lam^,  in  tho  first  inBtanon.  what  conditions 
td  positions  of  the  moving  parts  are  related  to  such  and  such 
;tile  and  other  impressions  criming  from  them.  And  ihua  it  is 
at  the  termination  of  this  iipprenliceship  that  it  is  enabled  to 
include  directly  from  KiniL'sthetio  Impressions  as  to  the  precise 
mditiona  of  the  moving  parts.  This  process  of  education  can  only 
correctly  by  ruuson  of  the  comparisons  which  we  areaccus* 
to  make  from  moment  to  moment^  between  the  positions  and 
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movements  of  tbe  limbs  as  revealed  to  Sight,  and  thu  Hum  toUl 
of  Kina^thetic  Im])re.sHioDB  sirnultanconaly  received  from  the  s&roa 
partji. 

This  kind  of  etlucation  lieing  once  ooaipleted  in  regart]  tu  an;*  par* 
ticnlar  Movementt>,  the  knowledge  sabnequoottj  derivable  throng' 
the  KiniBsthetic  Centre  becomes  as  real  and  as  capable  of  pani^in 
over  into  appropriate  action  us  that  previously  coming  through, 
the  Yisnal  Centre.  Thereafter  its  impressions  ulooe — even  when 
they  very  imperfectly,  or  nut  at  oil,  rouse  our  Consciousness  of  tlieir 
existence — suthce  to  inform  ub  (that  is,  suffice  to  excite  the  proper 
Cerebral  *  centres*  in  ways  definitely  related  to  different  positiooi- 
and  tensions)  as  to  the  exact  position  of  our  limbs,  and  as  to 
tilt!  nature  and  dc^^ree  of  their  Movements.  It  ia  by  Kioaosihetic 
Impressions  that  we  are  afterwards  continually  instructed  as  to 
qualities  of  the  Movements  uctnally  prodiuvd;  throngh  ihem  w» 
know  whether  to  continue  with  our  present  mode  of  action,  pC 
wltether,  the  better  to  attiin  the  desired  end,  the  quality  of  iha 
*  Volition 'should  be  altered.  And  if,  during  theexecntionof  a  com- 
plex Movement,  any  alteration  should  be  desired  in  respect  to  o 
of  its  *  volitional '  qualities — that  is,  either  as  regards  the  stren, 
the  rapidity,  the  direction,  or  the  continnance  of  one  of  its  com* 
ponent  motions,  this,  **  barely  by  a  Thought  or  preference  of  tUa 
Mind/'  can  be  immcJiatL-ly  ctfected,  though  the  great  tuiijorily  of) 
mankind  would  have  no  knowledge  whatsoever  of  the  nature  and 
di'grce  of  the  individual  changes  brought  about  in  the  actions  of 
the  dilferent  Muscles  concerned. 

Tlie  mode  of  acquisition  above  indicated  seems  well  to  accord 
with  our  other  interests  and  with  the  dally  necessities  of  our  Lifs. 
The  aenso  of  Sight  greatly  facilitates  the  process  of  learning,  and 
its  vivid  impressions  speedily  enable  the  *  soosoriam  *  to  appreciate 
aright  the  meaning  of  the  more  vague  and  occult  impressions 
coming  to  it  simultaneously  through  the  'sense  of  Movement* 
Soon,  however,  the  Visual  Sense,  which  we  need  for  so  many  other 
iinpurtunt  purposes,  no  longer  requires  to  be  conceutruted  merely  on 
the  performance  of  Movements.  Later  still,  our  *  attention*  or 
Consciousness  becomes  further  freed  from  disturbing  details  con- 
nected with  Movements.  The  possibly  conscious  impressions  per* 
taiuing  to  the  *  se4ise  of  Movement*  at  lust  habitually  pass  no- 
heeded,  and  then  we  come  to  perform  multitudes  of  daily  actions 
under  the  guidance  of  mere  *  nnconscious  *  Kinsesthetic  Impressiona, 

Thus  the  working  of  the  '  motor '  side  of  our  complex  nervous- 
mechanism^  even  wliea  it  is  coucerned  in  executing  the  behestc  of 
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*  Will.'  proceeds  so  emoothly,  and  is  practically  so  much  anheedei 
tun  to  lotive  us  free  to  follow  np  the  threads  of  onr  Oonscione  Life 
nnhiiidered  by  the  multitudinous  dutaile  pertaining  to  the  varying 
states  of  innumcruble  iluscles  ncting  in  ever-chanpinpf  combina- 
tions. Wo  may  truly  bo  thankful  that  we  have  not  in  reality  any 
Kiich  'muscular  senftCt'  as  some  psychologists  imagine  for  them- 
Belves,  and  that  even  in  Voluntary  Movementa  the  Mind  knows 
nothing  concerning  the  Nerves  or  the  Muscles  by  the  iutcrventiou 
of  which  the  processes  are  acconipliHhed. 

From  our  own  indiviJual  experience,  ns  well  as  from 
wbat  Las  been  above  set  forth,  it  would  appear  obvious 
that  careful  practice  alone  is  needed,  iu  order  that  pre- 
viously strange,  difficult,  and  complex  Movements  should 
be  capable  of  being  performed  with  ease  ;  and  that,  after 
a  time,  during  the  process  of  learning,  first  the  *  Concep- 
tion '  of  the  Movements  needed,  and  subsequently  the 
Desire  which  origiimlly  prompted  to  their  execution,  may 
alike  vanish  as  consciouB  stutes  by  which  they  are  neces- 
sarily preceded.  When  this  latter  stage  of  perfection  has 
been  achieved,  the  actions  previously  *  Yaluiitary,'  iu  the 
strictest  sense  of  the  tcnn,  hecomo  promoted  to  the 
'  Secondary  Automatic  ^  category,  since  the  occuiTcnce  of  a 
Sensation,  an  Emotion ,  ur  un  Idea  may  bo  immediately, 
and  without  the  intervention  of  any  other  conscious  state 
whatsoever,  sacceeded  by  one  of  the  complox  Movements 
in  question.  Thus  Movements,  the  possibiiity  of  perform- 
ing which  has  been  slowly  and  with  so  much  difficulty 
acquired  by  the  individual,  have  now,  in  fact,  become 
almost  as  easy  for  us  as  sucking,  swallowing,  coughing,  or 
any  other  of  those  *  Primary  Automatic  *  actions,  the  power 
of  pei-forming  which  was  born  with  us— as  an  inheritance 
from  untold  generations  of  human  and  other  ancestors. 

In  many  cases^  indeed,  there  is  good  reason  for  believ- 
ing that  the  alliance  between  *  Primary  Automatic  *  and 
some  *  Sccoudai7  Automatic '  actions  is  even  more  fuuda- 
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mental  than  has  boon  abovo  iiulicatod. 
this  opinion  must  be  sot  forth  in  detnil 


llie 


reasons 


The  Mechanisms  for  Primary  Automatic  Movements, 
and  their  Modes  of  Origin. 

The  nervons  conncctiuna  representative  of  a  ccrtaia  number  of 
Hovcixienta  which  have  been  commonly  [K.'rformed  bj  the  present 
and  many  pant  generations  of  any  race  of  animals  exist  in  an 
organizodconditiouin  the  Spinal  Cord  and  Medullaof  Kuch  animals. 
They  arc  represented  by  the  development  of  certain  oell-andfiUi^^H 
connectione  in  the  anterior,  or  what,  are  ]fnowQ  as  the  'motor^^H 
regions  of  the  Grey  Matter  of  these  parts — such  mechoniftms  being 
in  continnity  in  front  with  the  roots  of  •outgoing'  nervca,  and  in 
rohition  behind  with  groui>a  of  smalltT  nerve  celU  with  which 
'  ingoing '  nerves  of  the  posterior  roots  are,  in  their  turn,  in  some  i 
of  structural  relation.  It  is  along  these  latter  channels  that 
sensory  IropreBsions  pnunpting  to  the  Moremonts  of  which 
have  been  ttpeaking  rcaeh  the  Spinal  Cord  or  Medulla.* 

Many  of  the  corresponding  groups  of  '  motor*  Cells,  situated 
the  game  level  in  the  right  and  left  halve8  of  the  Con!  and  Medull 
arc  intimately  connected  hy  transversa  *commi8BDrul*  fibres— in' 
fact,  wherever  joint  uciiuu  of  the  nerve  units  on  the  two  sides  u 
a  matter  of  common  occurrence  (fig-  \oi,  o  o'|. 

Many  of  the  gruups  of  motor  cellH,  at  different  levoU  of  the 
cord  are  also  connected  with  one  nnotlier  into  single  or.multiple  com- 
binations, by  longitudinal  'coramissurar  fibres  whose  length  varif 
according  to  the  distance  apart  of  the  cell  groups  thus  nuit«d 
conjoint  activity.    These  lonftitudical  connecting  fibres  of  difleri 
lenglhiit,  as   they  pass   from    ccllgronp  to  cell-group,  have  bcca 
ascertained  (on  the  basis  of  cliuico-pathoh)gieul  evideuce  snpplif 
by  persons  suffering  from   spinal  disease)  to  traverse,  in  part 
least,  the  •posterior  colnmns '  of  the  Cord. 

Bihiteral  groups  of  these  cells,  existing  at  various  levels  in 
two  •  anterii)r  cornua,*  though  differing  much  from  one  another 
the  number  of  the  units  involved  and  in  the  width  of  the  area  ovc 
which  they  are  diHtrilmted.  arc  conceived  to  be  the  Spinal 
Medullary  Nervous  Mechanisms  needful  for  the  execution  of  a 
multitude  of  Re6ex,  or  Primary  Antomatic  Movements,  also  of  all 
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KB.— Groupi  of  CelU  In  connection  with  Ibc  Anti*rior  H<>tiU  of  the  Spin  tl 

.■m  IK.-CU  In  a  tranfivurne  ae<-Mnu  Utmuj(li  oiio  ut  tlxi  Autcrlur  ComiiA  iii  the 

Coril  ^ir  K  Slic«p.     iPllnt  ufti:r  Doan  1     A.  l-Uiicn^.-nco  of  the  mileriDr  txhiIb 

Cuntuji  nf  Gruy  Untt«r  ;  4,  6,  A,  Colls  cimncctvd  with  oiio  unutbcr  hy  )ang, 

'  liiirrcvlhilitr'  pruomeii.  oiid  itbo  wtLb  tho  6tjma  u(  the  Antttrior  Roota 

vt  fibres  mte  Men  crmiiig  one  Auuthcr  In  aluiuat  evory  dlroutiuu. 
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degrees  of  coiniiloxity.  It  is  probably  bccauso  these  oevprul  oell- 
and-tibre  niechanisnis  are  bo  perfect  ia  their  arrangeiuent,  ibftt 
each  one  of  the  Movements  in  question  is  ca])able  of  being  evoked 
with  machiae-Iike  regularity  in  respanae  to  appropriiitv  stiiuuli 
impinging  upon  and  passing  through  them.* 

The '  inechauitinis '  for  the  production  of  aiany  of  8uch  Movumeoii 
may  have  been  originally  developed  far  back  in  the  history  of  oar 
race  or  of  auieceilent  races.  But  others  of  them — those,  for  id* 
stance,  which  are  concerned  in  the  acts  of  Deglutition — howevrr 
much  they  may  }iave  been  from  time  to  time  uiodiGed  in  detail, 
must  have  boon  originally  orgnnized  in  creatures  the  combiuiitioD 
of  whose  vague  elFurta  and  dosirtis  would  scarcely  be  couaidercd  to 
pro<luco  anything  like  what  we  know  as  'Volition.'  In  all  prob- 
ability such  foL-linga  and  the  power  of  concentrating  Attention, 
which  is  their  indiaponaable  corroUtive,  only  gmduully  attuin  to 
the  degree  of  preci.sion  and  intensity  of  which  we,  as  human  being?, 
are  ccnscious.  This  would  probably  be  conceded  by  all,  and  it  w 
it  must  be  concluded  that  tho  organic  ncrvons  baaca  of  many  of 
the  Primary  Automatic  Movements  of  higher  animals  ha%'e  hutl 
their  origin,  or  have  come  into  1>cing.  tndc])endently  of  anything 
like  such  an  agency  as  that  which  we  know  as  *  Volition/ 

Thus,  thfl  farther  back  wo  go  in  the  animal  series,  tbe  mom 
vague,  in  all  probability,  would  be  the  influences  prompting  t-o  new 
developments  of  Nerve  Tissue  which  could  be  ranged  under  the  '  Vo- 
litionar  type,  and  the  more  we  should  Iw  compelled,  if  ive  strive  to 
learn  the  causes  of  snch  new  developmfnts,  to  full  back  upon  Otose 
obsrnre  hu.i,  n*^erUu'leaSt  potent  oritjirml  tendeiieiea  or  etmJitionSt 
under  the  infincnco  of  which  the  first  rtidimcntary  Nerve  Elemenlt 
hfcamc  developed  in  th9  tiseites  of  lower  Organi^nn  (p.  10). 

This  inerc  organic  ntBUf,  or  set  of  vital  conditions,  favouring  Iho 
first  differentiation  of  Nervous  TisaucH,  would  probably  coutinoe  U) 
act  as  the  most  potent  inttnence  governing  all  future  phasri  of 
their  development — though  it  Beems  evident  that  audi  develo|h 
meutnl  proclivities,  even  in  the  Spinal  Cord,  are  capable  .of  being 
favoured  in  some  mysteiiona  manner  by  Cerebral  Infliipnco  when 
*  Volition '  is  strongly  exercised — that  is  when  a  8en«)rially  active 
Brain  is  dominatcil  in  such  ways  as  to  be  productive  of  certain 


•  That  Hartley  (17W)  distinctly  realized  and  foresaw  the  natore 
of  what  we  now  term  '  KcQex  Actions,'  seems  evident  fr\>m  a  ]>«»* 
sage  in  his  "  Observationa  on  Man,*'  Prop,  xviii. 
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•Desires/  and  farther  influenced  in  certain  correlative  tracts  l>y 
that  mode  or  deforce  of  aciivitj  whivh  on  its  subjective  side  we 
call '  Attention* 


Deferred  Primary  Automatic  Movements, 


Al 

in^int 


Mach  difTercnce  exibta  amon^  dtfToreut  Aniiuula  as  to  the  dej^ce 
of  porlectioD  aC the  time  of  birth  of  these  inherited  cell-and-tibre 
connections,  and,  therefore,  similar  differences  exist  among  such 
Animals,  in  repard  to  their  power  at  birth  of  executinf^  the  several 

orenicnta  with  which  such  Nervous  Mechanisms  are  in  relation. 

Thus,  in  some  Birds  at  the  time  of  their  emergence  from  the 

g.  and  in  some  Quadrupeds  at  birth,  much  of  the  nervous 
mvctmnirima  concerned  with  Automatic  Muvemcnts  habitually  per- 
formed by  such  creatnreSr  are  so  far  pcrtected  that  these  animals 
are  capable  almost  at  once  of  performing  thr  most  complex  Move- 
ments— without  in  any  way  requiring  to  •  learn'  how  to  execute 
them.  The  cxperimeuls  of  D.  A.  Spalding  with  Chickens  and 
young  pigs  have  revealed  intereiiting  factH  in  illustration  of  this 
position  (bee  pp.  18^,  229). 

JVlany  instuticos  of  an  opposite  character  may,  however,  be  cttod 

— cases,  that  is,  in   which  at  the  time  of  emergence   from  the 

egg.  or  at  the  time  of  birth,  other  Birds  or  MamnmU  are  in  a  much 

less  mature  state  of  development,  and  in  which  their  powers  of 

xecuting  comphyx  Movements  of  a  similar  order  are  notably  less 

vanced. 

Tbo  young  of  Cauanes   nnd   many  other  birds,  for  instance, 

main  for  ten  days  or  a  fortnight  unable  to  feed  themselves  or  to 
alk,  and  they  may  continue  (or  nearly  twice  this  time  unable  to 
y.     But   thifl   Imckwardneas  in   power  of  executing  such  Move- 

cnts,  is  obviously  only  one  of  the  signs  or  accouiptinimenti  of 

eir  generally  backward  condition  of  development.  A  bird  can  no 
more  ily  without  the  aid  of  proiwrly  developed  internal  Nervous 
Mechunidnis  than  without  wing-feathers,  and  the  one  set  of  stmc- 
turea  are  probably  almost  as  abortive  as  the  other  in  young 
Canaries  and  in  the  young  of  other  birds. 

The  performance  of  many  Movements  that  are  'primarily' 
Automatic  in  the  Chick  and  birds  like  it,  arc,  therefore, 
deferred  in  Canaries  and  their  allies  till  aueh  times  as  the  related 
nervous  and  other  mechanisms  have  had  time  to  develop.  Ground 
ia  thus  given  for  the  supjiOHition,  commonly  entertained,  that  such 
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rreatnros  have  to'leam'boTv  to  perrorm  these  TiTi  n  f  inwiita    wllllfc^ 
if  tme,  would  Tnake  it  Tieccuwiry  to  rhisiiiry  them  aa  * seooiubiy^ 
rather  than  'primary'  Automatic  Muvoroeuta. 

The  valuable  eiporiroeuU  of  Spahling  with  yonnp  SiraWoir*  and 
other  birdd  that  emerj^o  from  the  egg  in  an  immature  conditioa 
hare,  however,  shown  that  in  them  the  manifestation  of  *  primary' 
AntoraiLtic  Movements,  dependent  upon  inherited  Nenroua  M«oha- 
niAmfl,  ia  merely  deferred  till  the  time  when  Bucn  derelopmenta 
hare  been  achieved— and  that  then,  without  any  pmeeiw  of  •  learn* 
injr/  the  Movemenla  are  readily  capable  of  being  evoked  (p.  23*'). 

The  helpleftfl  rondilion  of  the  infant  Monkey  and  of  the  Hnmnn 
Infant  at  birth  are  similarly  to  be  ascribed*  in  great  part,  to  the 
immature  condition  of  their  (p'eat  Nerrona  Centres  at  this  period- 
Many  of  the  Moveraeiita  which  they  slowly  '  loam '  to  perform  are 
doubtless  rendered  possible  by,  and  aoqnircd  coincidently  with,  ths. 
aHiinl  derclopm^ii  of  those  nerve  cAU  and  ^hree  in  tXe  SpiMol 
Cord  and  M*'>hilJa  yrhirh  are  imtntnif^nttil  tn  thf  rx^rttHon  of  §w€k 
Afufeinenfg.  Thus,  when  we  Bay  that  the  young  child  'learns 'to 
perform  those  movements,  it  should  be  underutood  that  this  word 
is  here  applicable  only  in  a  very  qualified  sense.  Its  ragne  efforts 
S4?rvc,  jwrhaps,  merely  as  incitations  tending  to  arouse  or  perfect 
the  already  existing  (tjccanse  inherited)  tendencies  to  development 
of  certain  Motor  and  other  Nerve  Ceutrea— of  mechanisms,  that 
is,  which  in  many  other  creatures  have  reached  their  full  term  of 
development  by  or  almost  immediately  after  birth. 

But  for  the  existence  of  this  organic  nitiug  (in  the  form  of  aa 
inherited  tendency  to  develop  in  certain  modes  and  direelions)  the 
Human  Infant  coald  never  so  readily  as  it  does  toquire  the  power 
of  cxecating  the  exctssively  complex  Movements  which  arc  con* 
oemed  in  Standing,  in  Walking,  or  in  Articulate  Speech  (ae«  p.  007V 

Relations  of  Voluntary  and  Automatic  Movements. 
The  complex  movcmcutjf  last  referred  to  being  some  of  the  most 
typical  of  the  'secondary*  Automatic  Movements  of  Hartley,  the 
)il>nvo  considerations  will  suffice  to  show  that  many  of  tboae 
hitherto  placed  in  this  category,  are  hot  *  primary  *  Antomatic 
>fov.'mentfl,  the  power  of  executing  which  has  been  somewhat 
deferred.  I'reviuuKly,  the  guiding  inlluence  of  YoHtion  has  been 
supposed  by  many  to  l>o  principally  instrumental  in  enabling  the 
child  to  execute  them,  whilst  here  it  is  contended  that  their  acqniii- 
tii>n  by  the  indiridiml  is  much  more  largely  dependent  npoa  the 
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gmdoat  development  of  inherited  Nervous  MeohaniBma — duo  to  the 
■nccesdiva  education  of  many  [iroceiiing  generations.  They  ara 
dearly  not  new  Movemeulf*.  acqturuj  afresh  by  each  individual,  as 
vonld  \fO  tlie  case,  for  instance,  with  those  persons  who  leurn  to 
■ivtm,  to  danco,  or  to  play  upon  any  musical  instrunicnt.  In  the 
one  set  of  caBCs  Volitional  Etforlfl  iire  met  more  than  half  wny  by 
inheritiHl  dovL'topmental  tendencies ;  whilst  in  the  other  act,  and 
io  the  case  of  all  new  Volitional  Movements  acquired  hy  adults, 
the  Volitional  Intlucncoa  are  aided  only  by  those  natural  organic 
proclivities  to  the  dcvelnprnent  of  new  nervous  mechanisms,  which 
orif^nally  (nuder  the  inHnence  of  suitable  sttmnli)  led  to  the  pri- 
mary genesis  of  Nerve  Tissnctf,  and  which  may  eafely  be  deemed 
to  be  itill  operative  in  all  animals,  whether  high  or  low. 
ClavalilGatioii  of  MoTementa. 


jlMtirtii  bp  lAe 
/ml 


Jn/iftUil  i>^  lA 


t  VoUtloaal. 


Secondary 

Automatic. 
(HarUoy.J 


JII. 


Primary 

Automatic. 


'«.    Wheru   tlia   )l nrptncniU  thorn- 

pvlvu  arc  foiniliAr  and  amr^y. 
6,    WlioK  tlio   MovotnentJi   ihotn- 

mIvqii   ore   UDfan^Utu*  aud 

diffloiilt. 
a,    MuTeiiictit*    Imnieil    \t^  oarh 

ln(tlvl<iiia)f<irhiiiiM:ll  which, 

»:iilM«quontl>',     iiftor      loiitf 

(tnu-tictt  Iweoiiic  rniuiliarftuu 

c**y  at  exuctitiou. 
6.    Movoiucnta   wlitvh    aitptttr  in  ^i,' 

iK'O'l  li^amiii^  by  cucb  Indl- 

vliltiiU,  lucrcly  fitMsuiae  ibcilr 

iiKn'oiiH  nicchttnlmuK  ,ire  not 

flcvoloped  ftt  the   tlmo  ot 

Mrtlu 
MoTcmenta  iBuned   hj  ante-  b. 

cu<Icut  RCQomtintiB  ut  aul' 

miUft,  now  CB{iikblo  o(  bcln^ 

InMtlurtiTvtj  iwrfonnod   nt 

liirth,   uwiiig    t»    lubcrltcd 

in<i'l>aiil>ii)fl   l«.'tng    nt   tti\m 

Uum  NuificiviiUy  doTulojMjd. 

Volttiunal  acts  are,  therefttrc,  mertdy  Automatic  acts  in  process 
of  formation,  first  of  uU  for  tlio  Individual,  and  subsequcutly.  it 
may  be,  for  the  Uace.  Wliere  t*uob  Movemeuta  have  l»een  acquired 
or  learned  for  the  Race,  nnless  the  inherited  correlative  Nervons 
Mechanisms  are  developed  at  the  time  of  birth.  Volitions  may  in 
each  Individual  again  intervene  and  act  as  stimuli  during  the  time 
that  such  inherited  Mechanisms  are  undergoing  their  pro[)er  degree 
of  development 

Taking  the  Spina!  liiid  Medulliiry  Motor  Mecbanisnia 
a»  being  either  devclopoil  or  iu  process  of  development,  we 


564 


WILL  AND 


may  now  tarn  our  altention  more  particularly  to  a  con- 
Biiieration  of  the  parts  whence,  and  of  the  channels 
through  which,  Cerehral  lucitations  puss  (on  their  way 
down  from  cortical  groy  matter)  in  Emotional,  Idoo-motor, 
or  Volitional  Movements. 

One  part  of  the  route  has  heen  pretty  clearly  asccrtAinodi 
and  this  may  be  first  referred  to. 

Prom  the  evidence  supplied  by  disease  in  the  huma'i 
subject,  from  experiments  upon  some  of  the  lower  animal 
and  from  other  sources  of  knowledge,  it  has  been  m 
tained  that  the  Corpora  Striata  arc  ^eat  motor  gan^lii 
in  some  way  concerned  with  the  execution  of  Vuluutarj, 
Emotional,  and  Ideo-raotor  Movements. 

Motor   stimuli — that  is   stimuli   which    are   to    evoi 
movements — pass,  therefore,  from  certain  parts   of 
Cerebral  Cortex  downwards  to  the  corresponding  Coi 
Striata.     Those  bodies  are  called  into  activity  in  ft  wai 
which  cannot  be   defined,  thoa;,'h  from    them  the   mol 
stimuli  seem  to  be  continued  and  redirected  towards 
'motor  mechanisms'  of  which  we  have  previously  bi 
speaking,  in  the  Medulla  and  Spinal  Cord. 

The  tracks  of  these  latter  stimuli  are  fairly  well  kuowi 
Tliey  paRS  from  oaoh  Corpus  Striatum  through  the  inft-rii 
layers  of  t!ie  Crua  Cerebri,  and  throngh  the  Pons  Varolii  ou 
the  same  side  ;  whilst  below  this  bridge  they  are  gatbei 
together  in  the  '  anterior  pyramid  '  of  the  Medulla.  whi( 
after  a  course  of  a  little  more  than  one  inch,  docuHsates  u 
part  with  its  fellow — in  such  a  manner  that  many  of  the 
fibres  of  each  pyramid  pass  over  into  the  op|>osite  *  lateral 
column  '  of  the  Cord,*  whilst  some  continue  to  descend  on 


*  It  woald  appear,  from  common  phenomena  occasioned  by  di£««M 
of  the  great  Nerve  Centres  in  Man,   thnt  the  ccrcbnil  chann^ 
tbroDgh  which  limb-moTcmentfl,  at  leant,  are  cnlted  into  acUvil 
unst  undergo  inch  a  *  dccuaaation.* 


CuAf.  XXVI.] 


VOLUNTARY    MOVEMENTS. 


565 


the  same  side  in  tLe  *  nnterior  column.'  Tlie  motor  tibreB 
which  decussate  and  pass  downwards  in  the  lateral  columns 
of  the  Spinal  Cord 
enter  the  anterior 
comua  of  Grey  Mat- 
ter in  the  cervical, 
the  dorsal  or  the 
1  umhur  region ,  ac- 
cording  to  the  situa- 
tion of  the  groui)S 
of  cells  concerned 
with  the  Movemeuts 
which  the  particular 
ccrehral  stimuli  tra- 
versing these  chan- 
nels arc  destiued  to 
evoke. 

The  passaj^e  of 
Cerebral  incitutioua 
or  stimuli  through 
one  or  other  of  these 
Spinal  Mechanisms 
is  followed  by  an 
outpouring  of  grad- 
uated Molecular 
Movements  along 
certain  of  the  fibres 
of  the  *  anterior 
roots  *  with  which 
such  Mechanisms 
are  continuous  :  and 
these,  traversing  the 
Motor  Nerves  at  the 


Flo.  irt.— Xnre  Cell  witb  many  branchcn  tiotn 
ono  iff  tbo  Mitcrtur  Comtift  of  a  Bunum  BpIdkI  CotxI. 
(MiiX  Scliull*c.l  «,  Uiiltniiiiliid  roUpriX'cM  po^eltis 
InK'.  or  jniniTiK  the  ax  1b  cylinder  of  unc  uf  the  '  iim1<^ 
riur  ruuf  fiiirr«,  tbo  otliir  pn>pc»>»  boinjr  brmnclicd  : 
b.  All  BirgrtitTtllon  of  itlirniviit  Knu)iil«a  oii  une  aide  of 
L):iR  lar^c  uucleL'Uud  iiUl'Uiu.    (>  IM)  dUinoten.) 

rate  of  about  111  feet  per  second,  si)ecdily  excite  definite 


VrtL   AKD 


groups   of   Muscles  iu  definite  wars,  mih  the 
prodnciug  tho  desired  Movements, 

Tbe  mude  iu  wbicli  phvsioiAns  and  p&thologi&ta  hni 
ncqaired  this  knowledge  as  to  tbe  route  fallowed 
cerebral  stimali  from  tbe  Corpora  Striata  doimwarda 
tbe  MascIeA,  is  too  intricate  and  technical  to  be  here  dii 
cussed.     We  mast  content  ourselves  for  the  present  «n1 

the  above 
statement  of 
in  addition  to  tbe 
following  brief  ex- 
planation . 


The   effect* 

from  dU«aseof  the 

poni    Striata    ia    oaa^ 

whrther  in  tbe  Ibrsi  of 

Softening    or    Hsawr* 

rliage.  demouatTaie  tbe 

importance     of     ihtat 

hndien   in     reUtiaa    to 

A'olaniinr  Moveneota^ 

and  prorethat  tKejrbarf 

m..     ,j^     *  ,        J  ..     „  ,       to  Jo  with  the  tranKnia* 

Ddf  dicbUj-  in  ftcoit  uf  tLe  Oi4lc  .    «>on  and  proper  dUtribt 

•howlDg  Jm  nittrior  part  o|  dw  'tnui  ./   tion  of  *  roiitioQal '  in< 

the  MOtloa  of  which  on  cftber  Ride  produAa  Hemi-    ta^rnR_    Thn 
plesia.  fC^TFlIIe  ADd  rhiTBl.'  S,  S.  iattm-t9Mriea\ar    ^*"*^"/^    *  °6  ( 
UMUeC  tlM  CtepocSlrtetum:  AaAn-wkkrioiltf  oraenotudaioageaf 
at  tkt  mmmi  r,  pwtiincnlTMCpm^oDi'to-    Cor^lS      StriataiB 
CM,  OpOt  CaamlMUT*;  «, 


of  U»  «rt«rte  p«t  of  Ui.  •l-t.m-l  Btpwlu;-  v^    ^"f*^  producw. 
dotfa<B«migligte«f  ib«opp(itiieu.Uof  ihcboitr.  other  resalta.a  COD 

low  of  volnnlarr 
over  tbe  Limbs  on  tlie  opposite  side  of  tbe  body  (Hemiplegia) 
t-hoiigh  the  trunk  mnBcles  which  are  called  into  »niuILaueou« 
tiritjr  do  not  nhane  in  ihU  fiaraUsiK,  for  reasons  fintt  piven 
BroaJl>ent  (p.  4>1*>).  Kiich  Cori'iis  Striatum  tranfimits,  Ibrrcfi 
the  *  Tolitional  *  incitations  for  the  t  jrob-mnromentii  of  tbe  op 
site  half  of  the  bodjr;  whiUt  it  would  appear  tliat  eitbcr  of  tbei 
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may  tmnsmit  incilations  capablo  of  calling  into  aclton  the  cloflcly 

uniUnl  double  grou(»3  of  Spinal  Nerve  ccl la  whioli  minister  to  tUe 
biluU'itkl  movements  of  the;  trunk.  'I'he  case  in  regard  to  tlie 
liliiU'ral  movements  conrerftcd  in  Sjieech  will  be  apeciuUy  refcrrej 
to  in  a  enbaequent  chapter. 

The  precise  mode  in  which  the  Corpus  Striatum  nets 
can  only  be  dimly  conjectured.  No  one  has  expressed 
the  kind  of  view  which  has  been  held  by  many,  better  or 
more  fully  than  Broadbent,  when  ho  says*; — 

"The  Corpus  Striatum  is  the  motor  j;unglion  for  the  entire 
opposite  half  of  the  l>ody.  It  translatea  volitions  into  actions,  or 
puts  in  execution  the  communda  of  the  Intellect ;  that  is,  it 
selects.  Ro  to  speak,  the  motor  nerve  nuclei  in  the  medulla  and  cord 
appropriate  for  the  i^erforniance  of  the  deaired  action,  and  sends 
down  the  impulses  which  sets  them  in  motion.  These  impulsca 
Are  transmitted  through  fibres,  and  the  fibres  must  start  from 
C^ll  processes  in  the  corpus  striatum.  A  given  nuw^rmotif  tht'refure, 
mwit  he  rcprcK'jitcd  in  this  Coiyua  Stnutum  61/  a  group  or  groups 
of  cells  giciutj  off  dotcinoafd  proctiiecs,  ichich  become  Jihrct  0/  tha 
fnotor  (I'dt't  of  the  cord.  When  the  movement  is  simple,  or  when 
the  co-ordination  required  can  be  effected  by  the  cord  as  in  walking, 
tlie  cell  group  will  be  small,  and  the  descending  fibres  few.  When 
the  movement  is  complex  and  delicate,  and  guided  by  vision  or  l>y 
tiie  conscioUB  attention,  as  in  writing  or  drawing,  the  cell-groups  will 
be  lar^  and  detiuite,  and  the  descending  tibres  numerous.  There 
will  not  be  a  separate  group  of  cells  for  each  movement;  but  the 
same  cells  may  be  liiO'erently  combined,  just  as  different  comhinu* 
tions  of  carbon,  hydrofjen,  oxygen,  and  nitrogen  form  the  basis  of 
all  organic  BuhHtances.  Wonla  which  require  for  their  nttcrance 
the  simultaneous  co-operation  of  muscles  of  the  chest,  larynx, 
tongue,  lips,  etc ,  and  the  exquisite  and  rapid  adjustment  uf  their 
movements  concerned  io  phonation  and  articulation,  must  be  repre- 
sented in  the  Corpus  Striatum  by  very  large  groups  of  cells,  and 
uitt  in  tliat  of  one  side  only  but  in  both." 

This  view  as  to  the  functions  of  the  Corpora  Striata  in 
regard  to   Voluntary   ATovementB   may  be  supplemented 

*  "  Brit   Med.  JournnV  April  1,  187»i. 
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by  the  same  writer's  notion  ns  to  the  fanctions  of  iHo 
Cerc'luIInm  in  tho  production  of  snch   Movementa,     Th*. 
respective  pails  wLicb  he  is  iiidiuod  to  assign  to  each 
these  organs  vnll  thus  be  seen.     Ha  says : — 

**Th€  Ce^-ebellHm  eo-W(liinUe9  movementt  guided  by  vi»ion, 
comhincB  the  general  movfimcnts  of  tho  body  rendered  nec^^tsarg  hf} 
Bpecial  arJiuits  ordered  by  volition.  For  instance,  to  illustrate*  Utftj 
tatter  runction,  I  wish  to  strike  a  blow.  I  am  conscionA  ouly  o| 
the  desire  to  hit  the  object  and  fait  it  Iiani ;  this  is  the  odIjt  actioa^ 
realized  in  consciousness.  But  in  onler  to  carry  out  the  intcntiuii« 
nut  only  must  the  lisl  be  clenched  aud  the  arm  bhot  out.  but  the 
feet  must  be  flrmly  planted,  the  legs  made  rigid,  tho  body  thrown 
forward,  the  chest  fixed ;  and  this  is  what  ia  done  for  me  by 

Cerebellam We  can  see  that  there  is  no  snch  relatioi 

l>i*tweoii  tibuhJ  impressions  as   between  these  and  tactile  itnpres*] 
sions,  and  any  mechanism,  such  as  that  for  reflex  reR[>onsc  to  the^ 
latter,  ia  impossible  as  ro^'arda   vision How  the  Cere- 
bellum iH  acted  upon  by  the  Cei-ebrum  or  sensori-motor  ganglia, 
und  in  turn  acts  upon  tho  cord,  we  do  not  yet  know." 

The  above  notions  entertained  by  Broiulbent  in  regar< 
to  tho  functions  cf  the  Cercbt'llum,  are,  in  jrart,  not  very 
different  from  what  have  been  expressed  in  Chap,  xxir. 
There  are,  indeed,  good  grounds  for  believing  that  the 
CereLellum  nets  in  some  way  at  the  instigation  of  tlifl 
Cerebrum  in  the  production  of  Voluntary  Movements 
(see  p.  507) ;  and  in  these  cases,  as  already  explained,  tho 
movtmcnts  are  mostly  guided  by  Vision.  On  the  other 
Laiul,  it  Ki'cnis  obvious  that  tho  Cerebellum  also  assists  in 
the  performance  of  *  automatic  '  Movementa  of  the  highest 
or  most  general  order,  such  as  might  well  be  conceived 
to  fall  to  the  share  of  a  great  Motor  Ganglion  staudiug 
at  the  head  of,  but  in  intimate  rehitiou  witli,  all  otberj 
subordinate  motor  centres  in  the  Medulla  and  Cord- 
Being  couceraed  as  it  is,  therefore,  both  with  new  and 
with  old  actions  it  has   an   essentially  double  function  ^l 
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orul  wliat  wc  as  yot  know  of  its  nnatomical  connections  iti 
hurmonioua  enouf^h  with  this  view. 

In  what  precise  way  the  Coi-ehcllum  acts  in  tho  per- 
formance of  these  functions,  and  more  especially  those  in 
which  it  co-operates  with  the  Corpora  Striata  for  tlie  execu- 
tion of  Voluntary  Movements,  remains  at  present  wholly 
unknown.  Neither,  however,  can  we  do  more  than  con- 
jocture,  when  we  try  to  realize  the  mode  in  which  the 
Corpora  Striata  Iheniselves  react  under  Intellectual  Incita- 
tions  upon  the  motor  nuclei  of  the  Medulla  and  Cord, 
How  is  it  that  tho  initiating  Idea,  the  Desire  for  a  related 
*  end/  ond  the  two-fold  Conception  of  the  necessary  Move- 
ments, as  co-operating  stimuli,  are  enabled  to  influence 
the  Corpora  Striata,  ho  as  to  evoke  the  Movements  in 
qaestion  ?  The  obscurity  prevailing  in  regard  to  this  prob  - 
1cm  cannot  at  present  he  removed.  We  possess  no  real 
knowledge  on  the  subject,  and  me  rely  suppose  that  Intel- 
lect as  it  passes  over  into  action — that  is  at  tho  tnming 
point  or  '  bend  of  the  stream '  — whilst  seeming  to  engender 
a  psychological  ghost  named  'Will,'  operates  by  transmit- 
ting suitable  stimulations  to  the  Corpora  Striata  ;  and  that 
hero  again,  perhaps  under  conjoint  stimulation  from  the 
Cerebelhim,  in  some  manner  wholly  unknown,  other 
sequential  molecular  actions  are  roused,  as  a  result  of 
which  iucitations  are  sent  to  and  through  motor  *  nerve- 
nuclei'  in  the  Medulla  and  Cord,  appropriuto  for  the  per- 
formance of  the  desired  Movements. 


But  anoiber  final  set  of  questions  in  regard  to  the 
execution  of  Voluntary  ^lovements  now  remains  to  bo 
considered.  AVe  have  pointed  out  the  track  taken  by 
cerebral  incitations  in  Iheir  passage  downwards  (wm  Iho 
Corpora  Striata,  through  tho  Cerebral  Peduncles,  Medulla, 
and  Cord,  and  thence  through  tho  autcrior  roots  of  Spinal 
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Nerves  to  the  requisite  groups  of  ^lusclea.     Too  appw 
part  of  tlio  route   still  romains,  however,  to  be  p|M>rilic'tl, 
Wg    huve    to  coiiKider  wliellier  it   is  fix*ra    special   part 
of  the  surface  of  the  Cerebral  Hemispheres — and  if  no^ 
from  what  parts — the  before-mentioned  Intcllectnal  Incita^i 
tious  (which  in  Ihcir  subjective  embodiment  are  conimonli 
known  as  'Will'  or  *  Volition  *)  pass  downwards  to  the 
great  Motor  Ganglia — the  Corpora  Striata  *? 

PreviouB   to    the   experiments   of   Fritsch   and   Hitxii 
(1870)  and  of  Ferrier  (1873)  it  had  been  generally  belicr< 
that  pliysical   irritations  of  the  surfaces  of  the  Cerehm 
Ileminpheres   were  not  capable   of  evoking  any   detinil 
Movements.      These   iuvesti^'utors,   however,  found  that 
some  definite  Movements  were  capable  of  being  produc* 
by  electric  irritation  ;    and  that  though  the    Mitvemenl 
vaiied  in  character  they  were  more  or  less  similar  whei 
tlio  same  Umited  regions  of  the  surface  Grey  flatter  were/ 
on  different  occasions,  stimulated  to  a  like  extent.     Fritsch 
and  Hitzig  originally  obtained  such  results  principally  bj 
mukinff  use  of  weak  *  voltaic '    currents;   whilst  Ferrier* 
Bubsequeut  though  more  extensive  observations  were  mndi 
with  the  aid   of   weak   *  induced '  currents.     The  Mov* 
niL'iitH  thus  produced  by  the  stimulation   of  certain   parts, 
were  found,  on  the  other  hand,  to  bo  abolished  when  the 
same  parts  of  the  Cerebral  Cortex  had  been  destroyed — 
that  iSf  snch  MovementR  were  no  longer  capable  of  beiug'^ 
performed  hy  the  animal,  either  of  its  own  accord  or  as 
sequence  of  external  stimulation. 

Some  of  the  principal  facts  bearinp  npon  this  qncKti< 
of  the  excitation  or  abolition  of  detinite  Movements  as 
result  of  the  stimulation  or  destruction  of  definite  portioni 
of  the  cortex  of  fcho  Hrain  in  Monkeys*  may,  perhaps, 

*  The  Mnveincnia  of  thcsu  antmaU  being  moBt  allied  to  those 
Man.  aud  their  Drains  (wing  also  most  similur  to  his  it  will  b* 
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most  briefly  set  rorlli  by  quoliiijit  Fei'rior*8  description  of 
somo  obscn'ations  mado  upon  an  uuimul,  certain  parts  of 
whose  Cerebrum  bud  hccn  previously  submitted  to  electrical 
stimulutioii,  and  in  wbom  trie  initial  irritative  cbauges  were 
speedily  followed  by  destnactive  morbid  processes,  inrolv- 
ing  the  same  parte  of  the  Cerebral  Cortex. 

Ferrier  says  (*  Functions  of  the  Braiu,'  p.  200;: — "The  first  ex- 
periment I  have  to  record  ia  instructive  as  ihowing  the  re6i>ectivc 
effect*  of  irritation  and  destruction  of  the  convolutions  bounding 
the  tissure  of  Rolando.    The  right  hemixpliere  of  a  monkey  had 


^^^Sli 


10. 181.— Latent  Vlow  of  tho  Pr.il»  of  a  Monkey,  nbowlng  the  iMniudArleit  of  tlto 
■i>-cal1cd  '  motor  iiroft '  i>i  tho  rigbt  Ccrebml  HotuiHptiero.  (Pcrrlvr.)  r.  risMiirt:  ut 
Bolanilo  ;  ■/,  tlio  porioUl  lobulo  ;  «,  tlio  .-ucoDdlng  (roDtal  cunvohitlon. 


been  exposed  and  subjected  to  esperi mentation  with  electrical  irri* 
tation.  The  part  exposed  included  the  ascending  parietal,  ascend- 
ing frontal,  and  posterior  extrcraitica  of  the  frontal  convolntions. 
The  animal  was  allowed  t^j  recuver,  for  the  purpose  of  watching 
the  effectR  of  exposure  of  the  brain.    Next  Jay  the  animal  was  fonnd 

better  in  the  brief  space  which  we  can  here  devote  to  this  subject 
to  couGnc  our  observationfl  to  the  reanlts  of  ex|>crinu'nt8  with 
these  particular  animal<<i,  though  many  others  have  been  exjieri- 
meotcd  upftn  by  Dr.  Ferrier. 
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fKjrfeclly  wtll.  Towards  llie  close  of  the  day  following,  on  wlucl 
there  wci*o  signs  of  intiammatory  irritation  and  supparation,  ii 
began  to  enffer  from  chronic  spasms  of  the  left  angle  of  the  montlk 
and  lefl  arm,  which  recurred  repeatedly,  and  rapidly  assumed  an 
epileptiform  cbar:icter»  affecting  the  ^rhole  of  the  lefl  side  of  th« 
body.  Next  day  left  hemiplegia  had  become  eiitablished,  the  angU 
of  the  mouth  drawn  to  the  right,  the  left  cheek-pouch  flaccid  and 
distended  with  fond,  which  had  uccumuluted  outride  the  dental 
arch;  there  being  almost  total  paralysis  of  the  Wfl  arm,  and  partiul 
paralysis  of  the  left  leg.  On  the  dny  following  the  paralyeia  of 
motion  was  complete  over  the  whole  of  the  left  side,  and  continued 
so  till  death,  nine  days  8ubsL*qiienlly.  Tactile  sensation,  as  well  as 
sight,  hearing,  smell  and  laate  were  retained.  On  pott'tnorUiit 
examination  it  was  found  that  the  exposed  convolutions  were  com- 
pletely softened,  but  beyond  this  the  rest  of  the  hemisphere  and 

the  basal  gan^Mia  were  free  from  organic  injury In  tbifl 

we  have  a  clear  case,  first,  of  vital  irritation  producing  precisely 
the  same  effects  as   the  electric  current,  and  then  destniction  by 
inflamoiatory  softening,  resulting  in  comjiletc  paralysis  of  volou- 
tary  motion  on  tlie  opposite  tiide  of  tho  body,  without  affection  of  I 
sensation." 


The  important  observation  previotisly  made  by  Hngb- 
lings  Jackson  that  irritative  disease  of  the  corrpspnuding 
region  of  the  Brain,  or  of  some  part  of  it,  in  the  Luman 
snhjcct,  is  specially  apt  to  be  associated  with  a  liability  to 
unilateral  convulsions,  complete  or  partial,  of  the  opposite 
side  of  the  l>ody,  was  thus  verified  so  far  as  it  could  be  by 
these  experimental  observations  upon  the  Monkey.  Then 
is  reason  for  believing,  also,  that  destructive  disease  of 
the  Cerebral  Convolutions  in  this  region  may  lead,  in  the 
human  subject,  as  it  did  in  the  monkey,  to  a  condition 
of  complcto  Hemiplegia.  In  each,  therefore,  both  ia 
man  and  monkey,  irritAtion  of  certain  surface  regions  u(^ 
one  of  the  Cerebral  Ilemispheres  is  followed  by  choreifonnl 
twitchings  or  by  actual  Convulsions  on  the  opposite  sidft.] 
of  the  body,  whilst  destruction  of  the  sumo  parts  is 
lowed  by  an  opposite  unilateral  Paralysis.     IrritalioD 
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destrucliou  of  other  regions  of  the  surface  of  the  braiu  in 
Monkeys,  were  followed  by  no  such  excitations  or  abolitions 
of  Movements. 

Details  cauuot  here  be  given  as  to  the  effects  produced 
by  localized  irritations  or  destructions  of  limited  parts  of 
the  Convolutions  within  this  *  excitable  area.'  For  these 
the  reader  is  referred  to  Chap.  viii.  of  Ferrier's  work. 
The  principal  conclusions  at  which  he  has  arrived  may, 
however,  be  gathered  from  a  careful  study  of  Figs.  182,  1 83, 


Fio.  182.  -Utcrnl 
4u-e«Uo<l  'Mf'toririi 
Mw  Tuxt.  Uid  alao  Fl^.  IT 


ikoy'it  Bmin,  sbowttiK  the  roUHvo  potUioDc  crf  tbo 
U  Ccrcltral  Uc)i)la|ibcra   {Fenior.)  Vor  rct^rvucm 


iu  which,  as  a  result  of  his  investifjations,  the  seats  of  the 
dilTorent  supposed  'centres*  for  special  Movements  are 
indicated.     They  are  as  follows  : — 

(l.)  Centres  for  niovcmenta  of  the  opposite  legr  and  fw>t  8uc'n  na 
are  coocerued  iu  locomotion — in  jyovtero'paru'tat  lobuh'. 

(2,  3,  4.)  Centrea  for  various  complex  nioTcments  of  the  arms 
and  legs,  Huch  as  are  concerned  in  climbing;,  swiraminp;,  &c.^a 
the  coHvolnlio»0  houndiu(}   the   upper  vxtcriuiti/  of  the  jissurc  oj 

(5.)  Centres  for  the  extension  forwards  of  the  arm  and  hand,  as 
in  putting  forth  the  hand  to  touch  somt'thingia  front — in  posterior 
extremity  of  enperior  jromlal  conVohUioii. 
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(').)  Crntre  for  the  tnoveraonia  of  tbe  hoDil  aud  forearm  in  whicb 
thti  bicepa  ia  particularly  engaged  {vh.,  supiautioo  of  tbe  haudand 
flexion  of  the  forearm) — iifor  tniihilt:  of  aafonditt^j  ffoittoJ,  t>pp<Mit4^ 
injiftt'rior  e^tremUij  of  miihlt'^  fmniixl  c<^nvt^lvi\ffH. 

(7  and  8.)  Centres  for  the  elerators  and  deprcasora  of  the  attgtt 
of  the  mouth — ni  loin^r  end  of  ascending  frontal  ontvalution, 

(0  aud  lU),  included  together  in  one,  is  said  to  1^  the  centre  for 
the  movements    of  the    lipn  and  tongue,  aa  in   urticulation — m 

yosttrior  ejetrvmH^  of  tk$\ 
hnt^rr  or  thit'd  fii/ntni  con* 
volniioTt  ('  Broca'fl  convolu* 
tion  '). 

(U  )  Centre    for   reltar- 
tion  of  ntigle  of  mouth — i 

>iri|if'il.  •  UnJi'^iutll      COncoli 

lioUt    rif'tir     hnttr    rud 
aa^nding  pfirietal. 

(12.)    Centre  for  Ut*^r»l 
movemcntA  of  the  head  nnd 
eyeit,  with  elevation  of  Hm\ 
ejrelid.i   and    dilatation    of 
the  pupil  (attitude  of 'atteD' 
tion  ')— iji   potttrior   purt4. 
t)fuppe-r  and  middiefivntiU\ 
corivuhttioH8. 

{a,  l»  c  d.)  Centres  for] 
inovemetits  of  the  hand  anil] 
wriKt  —  in  thif  nucrndtH^i 
'^mricial  convoluiion. 

The  relative  position 
these  fiuppoBed  '  motor  cen* 
tres '  in  regard  to  two  of  th< 
xnoHi  import  tint  H^leged*  I 
Hory  centres '  \»  b1m>  8faowa| 
in  Fip.  182,  in  which  the  circles  V^  and  KV  indicate  what  is  regardedj 
by  Ferrier  as  the  Visual  C(^ntre  {in  tho  fiupnumarginat  iohnh  an< 
thf  atiytihiv  (jijr^tH),  whilst  the  circJea  M.  l-i  indicate  the  ftitaatir 
«»f  the  Aniliti>ry  Centre  l/ii  the  ttpiwr  Umjiortil  ronvidtttioN), 
wuiTQB  of  Touch,  Smell,  and  'I'aste  an-,  oh  we  have  previous^ 
mentioned  (pp.  r.3.Vr.40),  Mieved  to  he  loCfltoiJ  in  convolutions  o»| 
the  inner  oapeci  and  tip  of  Iho  Temporal  Lobe. 


'^ 

'M 


Fin.  ISS.— Upper  aspect  nf  Ifonkay'*  BiaIii, 
■howlnn  llip  rpliitive  prnillonft  u1  some  at  tbe 
f«>  cnllml  '  Uotor  CenUft*,'  l«  tU«  Tcft  Cerebral 
Ilt-mlfiphcrp.  (J'errlor.)  For  reference*  wo  Text, 
utiil  j1»o  ¥\g.  17'.'. 
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Ah  nn  example  of  Uie  kind   of  evidence  upon  which 
the  aboTe-mentioncd   loenli/.aiions   in  regard   to   Special 
Movements  Lave  hecn  made,  oue  of  Ferrier's  experimental 
hservftlions  bearing  upon  this  point  may  he  quoted. 


''Tlie  left  hcmiBphcre  of  a  nioukcy  was  exposed  in  the  ivgion 
of  Ibe  a8C0Ddinf;f  frontal  convolution  sufEcienlly  to  display  the 
centre  of  bicipital  action  [H^.  182,  o]  or  supinntion  and  He%ion  of 
tlie  fort^arm.  The  exact  spot  being;  deterniiDcd  by  the  appUcutiou 
of  the  electrodes,  it  was  then  accurately  caateriacd,  just  sittHcienlly 
to  destroy  the  cortical  grey  matter.  This  operution  imiuediutely 
inanifcated  itaclf  in  pnralysie  of  the  power  of  fiexinj;  the  right  fore- 
arm. All  the  other  movements  of  the  lipihs  wero  retaiui'd,  but 
when  the  right  arm  was  placed  in  an  extended  position  the  animal 
WiiB  utterly  powerless  to  flex  it,  and  the  limb  hung  in  a  state  of 

|vfiuccid  extension  when    the   uniinal    was  lifted It   raised 

^■^ings  to  its  mouth  with  the  lofi  hand,  the  niovcnienta  of  the  leg 
^B^ero  intact,  there  was  no  facial  paralyse,  and  cutaneous  and  other 
^^Elbrms  of  sensation  were  nnimpuirt'd.'* 

Whether  or  not  the  various  details,  of  which  brief  indi- 
cations only  have  been  given,  are  destined  to  be  confirmed 
by  other  investigations,  it  seems  pretty  clear  (notwith- 
standinf;  all  which  has  been  Raid  in  nu  adverse  sense)  that 
experimental  observations  on  Monkeys,  as  well  as  clinico- 
palholo>(ical  data  gathered  from  the  study  of  the  effects  of 
disease  in  Man  alike  support  the  notion  that  certain  '  ex* 
citable  regions'  of  the  Cerebral  Cortex  exist  in  each  Hemi- 
|b«phero,  the  irritation  of  which  produces  Choreic  or  Convul- 
'   sive  Movements  of  the  opposite  side  of  the  body^  and  tho 
destruction  of  which  gives  rise  to  Paralysis  of  correspond- 
ing parts  of  the  body.     This  '  excitable  area  '  (figs.  172, 
^_  182)  comprises  the  convolutions  which  border  on  or  are 
^P'adjacent  to  the  '  fissure  of  Rolando,*  viz.,  tbe  ascending 
frontal   and    parietal   convolutions,   tho   postcro-parictal 
lobule,  and  the  posterior  portions  of  the  three   tiers  of 
frontal  convolutions. 


It  Ih  important,  moi-covcr,  to  men 
Sanderson*  and  others  have  shown  thai 
Movements  ivhich  follow  irritation  o 
portions  of  the  Cortex  may  also  bo  evo 
nf  this  cortcit,  on  stiranlaling  corrcBpont 
subjacent  white  substance,  or  even  by  st 
of  the  surface  of  the  Corpora  Striata  the 

It  may  therefore  bo  regarded  as  fiiir 
that  the  ^reat  majority  of  stimuli  for 
Movements  of  the  Voluntary  and  Ideo- 
oiT  from  the  regions  above  specified  of  t 
Grey  3ilatter ;  that  they  traverse  the  ii 
substance  *  to  reach  the  Corpus  Striatum 
thence  to  pursue  the  course  already  imlic 
Cerebral  Peduncle,  the  half  of  the  Pons 
the  opposite  half  of  the  Spinal  Cord — frc 
horns  of  Grey  Matter  the  continuations 
stimuli  pass  away  by  the  *  anterior  ro 
nerves  *  to  appropriate  groups  of  Musclef 

So  that  if,  since  David  Hume's  tin 
not  learned,  in  any  full  sense  of  the  ten 
by  which  "  the  motion  of   our  bodies 
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The  next  question  that  arises  is  as  to  the  most  coirect 
interpretBtion  of  the  newly  discoverod  facts.  What  nro 
the  functions  or  modes  of  activity  of  these  portions  of  the 
Cerebral  Cortex  whence  the  Htimuli  emanate  which  are  to 
excite  special  Voluntary  Movements? 

Various  answers  have  heon  f^'ivon  in  reply  to  this  qnes- 
tion.  We  hare  (<i)  tlie  hypotliesis  of  Forricr,  that  the 
results  depend  upon  the  existence  of  '  motor  centres '  for 
Volitional  Movements  in  the  cerebral  convolutions ;  {b)  the 
hypotheKis  of  ScliilT,  that  the  Movements  of  the  limbs 
rosnlling  from  stimulation  of  the  cortical '  centres '  are  of  a 
'reliex'  nature,  and  that  the  aflectiou  of  Motility  depen- 
dent upon  the  destruction  of  the  same  parts  is  essentially 
an  'atuxy'  resultiu<r  from  loss  of  Tactile  Sensibility  ;  and 
(c)  the  hypothesis  of  Hitzig  and  Nothnagel,  that  the  convo- 
lutional  areas  in  question  are  either  the  '  muscular  sense  * 
centres,  or  parts  traversed  by  *  muscular  sense*  impressions. 

{a.)  The  bypothesis  of  Furrier  is  so  important  in  itself, 
has  been  so  ably  advocated  by  him,  and  already  numbers 
so  many  adherents,  as  to  niako  it  desirable  that  we  should 
examine  his  views  pretty  closely. 

The  following  passages  have  seemed  to  the  writer  to 
embody  tlje  most  important  statements  and  views  adduced 
by  Ferrier  in  his  work  on  '*  The  Functions  of  the 
Brain,"  in  support  of  bis  position  that  *  motor  centres  * 
exist  in  the  Cerebral  Convolutions.* 


(1.)  "Tlie  entire  removal  of  the  [cerebral]  hemiapherea  oi>eratcs 
differently  in  different  classes.  In  tlie  iinh,  the  frog,  and  the 
pigeon  the  removal  of  the  hemispheres  exercises  little  or  no  Appre- 
ciable effect  on  the  faculties  of  statioo  and  locomotion.  Under  the 
inUuence  of  sttmnlntioa  from  wilhont,  these  animals  swim,  jump, 

*  The  pasBuges  have  been  arranged  in  paragraphs  and  nam- 
bered,  merely  fur  the  parpose  of  facilitating  reference  to  the  varions 
Atatementfi  contained  therein. 
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or  Hy  n-ith  as  rnacli  Wn^our  and  precision  fts  before.  In  the  mhliit 
thti  removul  of  the  hoiiiis^fheree,  whilu  dt'cidedly  itnpairiug  tbs 
motility  of  the  fore  limLs,  doea  not  quite  destroy  the  power  o( 
stiition,  or  of  eo-onlinated  progresr^ion  iii  answi^r  to  txtemul  Htimuli. 

In  the  dog,  however,  the  removal   of  the   hemisphere* 

exercises  a  much  mure  marked  influence  on  tbe?e  powers,  reuderiog 
station  and  locomotion  absolutely  impossible"  {p.  207). 

(2. )  "  I D  proportion ,  however,  od  movements  at  first  requiring  Tob- 
tional  edncalion  tend  to  become  organised  or  rendered  automatic, 
the  less  are  they  affected  by  injury  to  the  cortical  centres.  Benca 
in  the  dog.  in  which  the  acquisition  of  the  control  of  the  )imt«  m 
speedy,  the  destruction  of  the  cortical  centres  produces  a  mneh  leat 
iiiurked  eifect;  the  movemeuiti  having  become  in  a  great  mauurv 
indf^pcndent  of  these,  through  organization  in  the  snbordinate 
centres"  (p.  213).  "In  the  optic  thalamus  and  the  corpus  stria- 
tum the  association  between  certain  impressions  and  certain 
actions  becomes  so  mechauical  or  organized  tliat  if  vre  were  10- 
remove  from  the  dog  all  the  centres  above  the  basal  ganglia,  thesA 
would  of  themselves,  on  the  application  of  external  siirauli.  be 
Bulficient  to  ctrry  out  all  the  co  ordinated  movements  of  locomo» 
tion"(p.  214). 

(3.)  "The  more  the  control  of  the  limbs  depends  in  the  fint 
instance,  and  oontinnea  to  bo  dependent  on  voluntary  acqoiaition, 
the  more  does  destruction  of  the  cortical  motor  centres  canse 
paralysis  of  movement.  Hence  in  man  and  the  monkey,  in  whom 
volition  is  preduminuiit  and  autumaticity  plays  only  a  subordinate 
part  in  the  motor  activities,  destruction  of  the  motor  oentr«fl  of  tli« 
cortex  causes  paralysis  of  a  very  marked  character"  (p.  213), 


The  facts  cited  in  pan;rjraph  (1)  are  imporfutJt,  unques- 
tiouulily  true,  und  in  juirL  ^\ell  known.  They  merely  tend 
to  bLow,  that  in  higher  farms  of  life  the  Cerebral  Uemi'- 
spheres  with  the  Corpora  Striata  gradually  take  on  some 
of  the  funetionB  which  in  lower  animuU  have  been  dis- 
charged  throa^^h  tho  intermediation  of  Medullary  and 
Spinal  CcntreR.  The  Cerebral  Hemispheres  in  higher 
aniniuls  come  to  e.xercisc,  therefore,  a  larger  proportiunala 
share  of  influence  in  tho  execution  even  of  the  coinmou 
movements  needed  for  Locomotion. 


I 
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The  statements  XDnde  in  pftni^'apha  (2)  and  (3),  thoagh 
they  may  be  perfectly  true,  lend  no  special  support  to  the 
doctrine  of  Hujjhliugs  Jacksoa  and  of  Femer.  They  are 
equally  or  even  more  in  accord  with  the  views  expressed  in 
this  chapter.  The  damage  or  removal  of  parts  of  the  Brain 
concerned  to  a  large  extent  with  the  Intellectual  direction 
of  Movements,  of  parts  which  are  accnstomed  in  the  most 
direct  manner  to  cnll  into  activity  the  Corpora  Striata  [the 
great  motor  ganj'liiL  of  the  Hemispheres),  would  necessarily 
interfere  with  the  performance  of  each  of  such  Movements 
precisely  in  proportion  to  tlio  need  for  intclleotual  guidance 
in  order  to  ensure  its  execution.  The  destruction  of  such 
cortical  areas,  in  fact,  puts  the  Corpora  Striata  themselves 
oat  ol  court,  for  the  execution  of  all  Movements  except 
those  which  are  at  once  simple  and  *  automatic'  Hence 
it  is  that  the  facts  above  cited  lend  no  exclusive  support 
whatever  to  the  notion  that  '  motor  centres '  exist  in  the 
Cerebral  Convolutions. 

In  the  following  partigraphs  Ferrier  seta  forth  certain 
developments  or  corollaries  from  his  doctrine. 

(4.)  "Tbedug  frura  which  the  cortie:iI  motor  centres  alone  hare 
been  removed  is,  however,  in  a  very  diflV-rent  position.  It  retuins 
its  eongory  ccntrefl*  and  is  a  conscious  sentient  aaimul.  and  is 
capaUti  of  iileatiou  and  emotion.  It  m  not  merely  a  mechaniHm, 
the  activity  of  which  ia  de^wndent  pnrely  on  external  Btimulation, 
but  has  within  itself  the  springs  of  action  in  the  mediate  form  of 
revived  or  ideul  imprcBBions,  and  ia  thus  capable  of  gpontaneous 
action.  A«,  liowever,  the  revived  impressiona  occupy  the  same 
place,  or  coincide  with  the  physiological  activity  of  the  same  purta 
Qi«  are  engaged  in  the  con  scion  hd  ess  of  present  impressions,  the 
revived  impressions  can  throw  the  antoniutic  apparatus  of  move- 
ment into  action  juKt  aa  well  as  iraraediat*  or  present  impresaions" 
(p.2U). 

(o.)  *'In  the  dog  dvprivod  of  it«  cortical  ccutrea  the  patti  from 
impreftflion  to  action  is  not,  aa  in  tho  ordinary  courHe  of  volition, 
through  the  cortical  motor  centi-Ci;  to  the  Corpus  Striatum,  and 
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thence  dovrn^vards  to  the  motor  nuclei   und    motur    ncnreii*' 
through  the  basal  ganglia  directly  "  (p.  21o). 

The  snggcsfcion  here  made  tl;at  the  '  way  out  *  from  the 
cerebral  cortex  is  different  in  the  case  of  Voluutary  from] 
what  it  is  in  Idfo-motor  Movements  has  never  heei 
proved,  and  is  directly  contra -indicated  by  all  that  w( 
know  concerning  Speech  and  its  defoctB.  The  few  difficnl 
phenomena  to  be  explained  in  reference  to  Emotion  as  «tt^ 
inatigutor,  in  cases  whore  Speech  is  otherwise  lost,  docs  not 
warrant  the  statement  above  made  that  in  Ideo-xnotor  and 
pjinotional  Acts  generally  the  'way  out*  is  **  through  tho 
busal  ganglia  direclly."  This  statement  is,  to  say  the 
least,  hypothetical  and  vague ;  nor  is  it  correct  to  say  tliaL 
revived  impressions  "  can  llirow  tlje  automatic  apparatas] 
of  movement  into  action  just  as  well  as  immediate 
present  impressions."  They  arc  proverbially  weaker,  an* 
therefore,  less  potent  incitor^  of  Movement,  And,  unlcs 
the  supposition  that  there  is  a  distinct  way  out  for  Id< 
motor  and  Emotional  Stimuli  is  better  founded  than 
appeal's  to  be,  they  could  not  act  at  all  in  the  caa.^  su] 
posed.  Dr.  Fenner  must  either  make  all  these  pciini 
much  clearer,  or  else  he  must  give  up  the  attempt 
explain  a  fact  so  damaging  to  his  byiH>thesis  as  that  ( 
the  recovery  of  motor  powi^r  in  the  dog  after  the  remov! 
of  what  he  regards  as  its  "voluntary  motor  centres." 
The  close  relationship  existing  between  the  Voluntary  am 
Lleo-motor  modes  of  stimulation  to  Movement,  does  m 
Boem  to  have  been  adequately  appreciated  by  Forrier. 

Again,  ho  sjiys  : — 

(0.)  "  A  doff,  ther«forc,  deprived  of  its  cortical  motor  centres  mny 
yet  be  capable  of  Ppontaneoaa  action  and  co-oT\V\ual«d  locomutiim. 
under  the  infliR'nce  of  present  or  past  iTnpre*ft\owi,  or  of  emotional 
stUtCfl.     Only  Buch  movcmcnta,  however,  "s^i'^VNift  Mciled  aa  "K^Te 
U-cn  aatomuticully  orgaui»ed  in  the  corp^^ai  ^^^'^^     '^^*  move- 
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merits  of  locomotion  having  become  aatomatic  may  thug  be  easil/ 
effected,  anil  tlio  dog  may  bo  able  to  walk  with  as  much  apparent 
tiU'Hdi[:eH8  aa  before." 

(7.)  "The  CorpnH  Striatum  is  the  centre  in  which  movements 
primarily  dependent  on  Volition  proper  tend  to  become  organized*' 
(p  214). 

(8.)  "  It  may  be  confidently  asserted,  and  perhaps  it  may  be  one 
day  rcsoWed  by  ciperiment,  that  any  special  tricks  of  movement 
which  a  dog  may  have  learnt  would  be  aa  etTfctually  paralyzed  by 
removal  of  the  cortical  centres  us  the  varied  and  complex  move- 
ments of  the  arm  and  hand  of  the  monkey  hy  the  same  le«ion.' 
ISach  forms  of  activity  **  as  are  not  Itabitiial,  and  have  not  become 
automatic,  would  bo  rcnderetl  im|x>«fiible*'  (p.  215). 

There  are  good  reasons  for  believing,  that  no  such  defi- 
nite (liHtinctions  exist  beLiveou  Voluutary  and  Automatic 
Movements  as  are  postulated  Ly  Perrier.  It  seems  not 
only  unnecessary  but  altogether  unphilosopliical  to  look 
for  the  nervous  *  organizationa  *  pertaining  to  Voluntary 
llovemcuts  in  centres  altogether  apart  from  those  in  which 
Automatic  Movements  are  '  organized.'  The  Voluntary 
Movements  of  one  set  of  generations  tend  to  become  the 
Automatic  Movements  of  remote  progeny  in  subsequent 
generations,  lu  the  intervening  periods  less  and  less  will 
depend  upon  higher  Corcbrul  Influence—or,  in  other  words, 
upon  Intellectual  guidance. 

Forrier*  seems  to  ns  to  start  with  a  fundamental  mis- 
conception in  supposing,  in  reference  to  Cortical  Centres, 
that  those  "  immediately  concerned,  in  cfiecting  volitional 

ovcments"  are  "  as  such  truly  motor";  or  that  because 

oluntary  Movemejits  are  paralyzed  after  the  destruction 
of  these  parts,  we  have  in  this  fact  evidence  to  show  that 
they  are  "  motor  centres,**  If  '  Will '  or  Volitional  Stimuli 
ftre  not  altogether  independent  and  self-l>cgotten  entities — 
and  this  Dr.  Furrier  is  far  from  believing — they  can  only 

♦  Loc  cit  p.  'JOO. 
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be  regarded  as  lukiiig  origin  Irom  the  organic  seato 
Pcrciijjtivc  aud  Iiilelk'ctual  Actions.  As  S^tinozn  poiiit< 
out  over  two  ceuturies  ago,  **  The  Will  aud  the  luteliigeuco 
art!  one  and  the  same  thing" — rieVt'ed,  however,  from  t 
slightly  different  aspect. 


{h,)  According  to  SchilT  and  others,  the  parts  deeuiGJ 
*  motor  coiitrcB '   by  Ferriei    are   rathei  to  bo  regarded 
centres  of  Touch.     The  movements  ot  tlte  limbs  wlu< 
result  from  stimulation  of  these  centres,  they  consider 
of  a  *  rellcx '   nature  ;  whilst  the  atTeclion  of  Motilitj  te»* 
suiting  from  their  destruction  is  suppot^ed  to  bo  of  an 
'ataxic*  ordur  and  occasioned  by  loss  of  Tactile  Sens 
bility. 

Against  this  explanation,  there  is  the  fact  that  injury 
such  regions  of  the  suifuce  of  the  Brain  do  not  appear 
cause,  either  in  the  lower  animals  or  in  Man,  any  difttin< 
imj}airment  of  the  sense  of  Touch  ;  neither  does  it  appear 
to  be  true,  as  was  formerly  believed,  that  mere  loss  of  Tactile 
bi'UHibility,  even  if  it  did  exist,   would  of    itself  cauj 
either  ataxic  or  paralytic  symptoms.     The  evidence  far- 
nishedby  persons  sufioring  from  complete  Hemi-ana^sthesiAf 
as  well  as  that  occasionally  supplied   by  persons  su{feriu| 
from  some  forms  of  '  locomotor  ataxy,'  seems  to  show  thi 
loss  of    Tactile    Sensibility  alouo  causes  no   appreciabl 
interference  with  the  Movements  of   the   affected  parts^ 
This  is  the  opinion  of  Charcot,  of  Broadbent.  and  others, 
and  it  is  entirely  confirmed  by  the  writer's  own  examina- 
tion of  the  celebrated  Hemi-an«3thetics  of  *  la  Salpetriere  \ 
when  visiting  Prof.  Charcot's  wards  last  antumn.* 
evidence  that  formerly  seemed  to  support   the    opposii 
opinion,  and  with  wliich  Ferrior  appears  to  have  been  sti 

*  For  an  aomunt  of  these  pationta  bm  '*  Bnt.  Med.  JoarmtV 
Oct  12, 1878.    $96  also  Ziemssen'i  "  Ojclopoidia,'*  vol.  xiii.  p.  88. 
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impressed  at  the  time  of  tbe  pablicatiou  of  bis  work,  ia 
nnquestioDably  defective,  aud  stands  in  need  of  revisioo. 


(c.)  According  to  Hiuijjf,  and  ulso  to  Notbnagel,  tho 
affection  uf  Motility  resulting  from  the  destruction  of  tbe 
cortical  regions  in  question  is  duo  to  a  paralysis  of  tbe 
auimaru  '  muscular  sense, *  Notbnagol  thinks  tbe  fact  of 
the  recovery  of  Movement  after  a  time  in  dogs  proves  that 
the  centre  of  tho  '  muscular  sense'  is  not  itself  destroyed, 
but  that  tbe  destruction  of  tbe  particular  regions  of  tbe 

B  cortex  baa  sutliced  to  interrupt,  for  a  time,  and  not  far 
from  theirtermini,  the  paths  for  such  ingoing  impressions. 
Hitzig,  on  tbe  other  hand,  seems  more  incHned  to  believe 
that  the  centre  itself  (*  End-station  ')  for  impressions  of  tbe 
'  muscular  sense  *  or  '  muscle-consciousness  '  ia  destroyed 
by  tbe  ex]>onnicntaI  lesions.     Or,  if  this  be  not  tho  case, 

B  Le,  like  Nothnagel,  is  disposed  to  believe  that  the  afferent 
path  from  nmscle  to  '  mind  '  ia  in  some  way  interrupted. 
Both   these   investigators,    in    further    support    of   their 

I  notion,  say  that  the  condition  of  tho  animal,  in  regard 
to  Motility,  is  Bomcwhat  similar  to  that  of  a  Man  who  is 
suffering  from  the  disease  known  as  *  locomotor  ataxy/ 
Ferrier,  in  opposition  to  this  view,  contends  that  "loss 
of  tho  muscular  sense  without  any  affection  of  tho  other 
forms  of  common  or  tactile  sensibility  is  a  condition  the 
H  existence  of  which  is  purely  hypothetical."  He  further 
considers  that  no  investigations  hearing  upon  the  subject 
hava  furnished  tbe  slighteBt  evidence  of  impairment  or 
Hloss  of  Touch  or  Common  Sensibility  when  his  so-called 
*  motor  ceiitriis'  have  been  destroyed  :  hence  ho  infers  that 
tbe  *  muscular  sense'  has  also  remained  unimpaired  (see 
p.  69).  The  affection  of  motility  met  with  after  destruction 
of  the  so-called  '  motor  centres,'  ho  says, — **  only  resembles 
ataxia  in  the  case  of  the  cat,  dog,  t&o. ;  bat  in  man  and 
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tlio  monkey  the  rescmblaucc  fuils»  for  in  those  there 
complete  motor  paralysis,  -with  distinct  retention  of 
pristine  BeuKihility  to  the  various  forms  of  cutaneuuai 
stimulations.  The  argument  from  mere  rcscmblunce  {%< 
thus  seen  to  fuil  when  ii  wider  coinpHriHi:>n  of  iustances  is 
mado.  But,  further,  it  baa  been  shown  that  the  oondition 
which  may  with  trutli  be  described  as  loss  of  masculftf 
sense  or  of  muscle-consciousness  is  dependent  on  lesion 
of  a  totally  ditTeieiit  part  of  the  brain,  vu,,  the  bippocam- 
pnl  region,  or  centre  of  tactile  consciousness."* 

These  objections  of  Ferrier  to  the  views  of  Nothiiagc 
and  Hitzig  do  not  seem  io  ns  to  have  nearly  as  much] 
cogenc}'  as  liP   supposes.      Onr  knowledge  In   rc;^ard  toj 
several  of  the  points  tonchrd  upon  by  him  is   far  froi 
complete,  but  the  evidence  at  present  in  our  possession  maj 
he  interpreted  quite  differently.     Thus,  the  obscrvationR 
Landry,  as  well  as  the  case  of  Demaux  t  when  contmsti 
with  that  of  ordinary  bemi-aniesthctic  patients,  make 
probable  that  unconscious  '  muscular  sense  '  imj>ression9, 
in  the  restricted  sense  of  that  term,  have  a  distinct  exist-' 
ence,  and  probobly  a  cerebral  *  locus'  of  ibeir  own,  quite 
apart  from  Tsciilo  IniprcRsions,  whatever  may  he  the  region 
of  the  Cortex  to  which  the  latter  are  specially  distributed*. 
The  putliB  for  these  two  classes  of  Impressions,  vis.,  tl 
from  Muscles   and   those  from    Skin,    seem  to   he  ti 
graphically  distinct  in  the  S(nnal  Cord  ;  they  aro  prob 
more  or  less  contiguous  in  the  Cerebi-al  Peduncles  ;  whilst 
they  may  subsequently  diverge  again  and  go  to  difTerent^^H 
though  functionally  related,  Cerebral  Convolutions,  ratbcf^^ 
than  to  the  same  cerebral  region  as  Ferrier  seems  to  sup- 
pose {see  p.  544). 

The  Cerebral  Cortex  is,  in  onr  view,  to  be  regitrded  as  a 
continuous  aggregation  ofiuterlaced'centreSfHowards  which 
*  Loc  cit.  p.  218.  \  See  Appendix,  ik  7(*0. 
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ingoing  Impressions  of  all  kiuds  converge  from  variona 
parts  of  the  body  :  here  the^  come  into  relation  with  one 
anothor  in  various  ways,  and  conjointly  jjive  rise  to  nerve 
actiuu»,  which  bnve  fur  their  aubjeutive  correlutivoa  all  the 
Sensations  and  Perceptions,  all  the  lutellcctaal,  and  all 
the  Emotional  ProcesHcs  which  the  individual  is  cupaLIe  of 
experiencing.  From  these  terminal  and  complexly  related 
'  end-ulutions  '  for  ingoing  currents,  and  from  certain 
annexes  in  connection  therewith,  outgoing  currents  issue, 
wliich  rouse  in  definite  ways  the  activity  of  the  highest 
*  motor  centres '  (the  Corpora  Striata  and  Cerebellum), 
and  through  them  evoke  the  pro|>erly  adjusted  activity  of 
lower  motor  combinations,  so  as  to  give  rise  to  any  Move- 
ments that  are  '  desired/  or  which  are  accustomed  to 
appear  in  response  to  particular  Sensations  or  Ideas. 

The  plan  on  which  Nerve  Centres  generally  are  con- 
strnctcd,  of  whatsoever  grade,  mnkes  it  essential  that  the 
stimulus  which  awakens  the  actinty  of  a  *  motor  *  ganglion 
or  centre  shall  come  to  it  through  connecting  fibres  from 
a  '  sensory  *  ganglion,  centre,  or  knot  of  cells— that  ia, 
from  cells  which  stand  in  immediate  relation  with  ingoing 
fibres  (see  p.  20). 

If  wo  turn  to  the  very  simplo  nervous  aystem  of  a  Slug 
(fig.  27)  we  find  two  upper  Sensory  Ganglia,  connected  by 
distinct  *  commissures  '  with  two  conjoined  Mut4)r  Ganglia. 
It  can  scarcely  be  donbted  that  stimuli  (as  sequences  of 
the  nervous  processes  concerned  with  Sensations)  are  accus- 
tomed to  pass  from  these  Sensory  Ganglia  along  the  '  com- 
missural *  fibres  uniting  them  with  the  Motor  Ganglia,  and 

at,  in  accordance  with  their  different  origins  or  starting- 

ints,  these  stimuli  may  cause  the  latter  Ganglia  to 
evoke  distinctive  muscular  contractions  in  varions  parts  of 
the  body.  Could  we  galvanize  separately  the  several  sensory 
nds  of  these  *  internuncial  *  fibres  we  should  doubtless 
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evoke  similar  Movements.     But  would  such  facts  entit! 
us  to  infer  thiit  these  Sensory  Oanglin  contain   'IDoto^^ 
Centres  ?      Assurctlly   not ;    no    more    than   we    Bhoal^ 
be  entitled  to  call  the  *  sensory  cells '  on  the  inf^oing  aid*] 
of  a  simple  mechanism  for  some  Ueilex  Action  '  motoi 
cells/  simply  because  a  stimulus  issues  from  them  whicl 
ultimately  evokes  the    Movement — that   is,   after  it   L«b 
paused  through  other  nerve   elements  which,  by  commoi 
consent,  are  regarded  as  *  motor  cells.* 

The  nervous    fibres   that   extimd    from    the    Cerebi 
Cortex,   in  higher    animals    and    in    Man^  down    to  t!u 
Cor]>ora  Striata  are,  in  their  nature,  strictly  comparable 
with  the  fibres  connecting  the  *  sensory  '  and  the  *  motor' 
Cells    in  an   ordinary   nervous    mechanism    for    Refle3^J 
Action.     Such  currents  from  *  sensory  *  cells  may  pnss  in^| 
the  same  horizontal  plane,  they  may  have  to  ascend,  or,      '' 
as  frequently  happens,  they  may  descend  to  '  motor  *  cell 
situftled  nt  a  lower  level.* 

The  Corpora  Strinta,  conjointly  with  the  Cerebellam, 
are  doubtless  specially  called  into  activity  by  the  Cer< 
bral  Cortex,  in  ways  which  are  most  important  thongi 
they  cannot  be  precisely  defined.     Tbeae  organs,  as 

•  Ou  account  of  the  vanability  of  this  relation,  thoroforf,  vnt 
nerve  fibree  cannot  be  cousidered  to  be  invariablv  in  relation  pitherl 
with  'ingoing*  or  with  'outgoiog'  currents.     AVe  may  *■  h 

them  by  the  name  of  'iaternnncial  tibres/  with  the  Qn>l'  tf 

tlmt  in  dilTcrunt  parts  of  tho  2^'ervoua  Syntem  currents  are 
milted  along  them  in  an  aaccnding,  a  horizontal,  or  in  a  descendial 
direction.     Still,   as    the    stimuli    emanating    from   the   Seasory 
IVntres  ond  their  annexes  in  the  Cerebral  Cortoi,  at  ouc«  take  i 
downwanl  direction  to  the  Corpora  Striata,  it  will  be  rooit  eon* 
venient  in  tliis  case,  to  speak  of  the  origin  of  *  onlgoing '  carrcu< 
M«  l>eing  from  the  Cerchrnl  Cortoi  ilaelf,  and  to  rcj^ard  certain 
iu  Centres  na  (lociipyiiig  what  has  been  uj)tly  termed  the  *  bcnJ 
the  *itr»f«ni  * — that  i«  the  regions  where  •  ingoing*  cnrronte  eiul  or 
>^  ptuce  to  *  outgoing '  cnrrentd. 
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contend,  are  the  great  motor  ^aiif^lia  through  which  cortical 
stimuli  resulting  from  so-i-alled  *  Volitioimr  or  Iiitellec- 
tual  (guidance  operate.  If,  indeed,  what  has  been  set 
forth  in  this  chaptei  gives  anvlhing  like  a  true  account  of 
the  relations  existing  hetween  Voluiitury  and  Automatic 
MovcmentR,  not  another  word  need  here  bo  aaid  against 
the  general  point  ol  view  nj)on  which  Hughlings  Jackson 
and  Ferrier  rest  tlieir  hypothesis  as  to  the  existence  <if 
'motor  centres'  in  the  Cerebral  Cortex,  nor  against  the 
view  that  the  mechanisms  for  Voluntary  Movements  are 
•  organized '  in  regions  altogether  apart  from  those  con- 
cerned with  the  execution  ol  Automatic  Movements. 

What  has  been  said  in  the  earlier  parts  of  this  chapter 
in  reference  to  the  ongin  and  nature  of  *  Volitional ' 
stimuli,  together  with  what  has  been  stated  above,  make 
it  possible  to  explain  the  results  of  irritation  and  de- 
struction of  certain  fronto-parietal  areas  of  Oi-ey  Matter 
and  of  the  white  matter  intervening  between  them  and 
the  Corpora  Striata,  without  in  the  least  countenancing 
the  supposition  that  *  motor  centres  *  exist  in  the  Cerebral 
Convolutions.* 

Tlio  Centres  in  question  are  rather  'sensory*  in  nature, 
and  are  probably  intimately  concenied  with  certain  groups 
of  Kinesthetic  Impressions — whatever  other  fanctiona 
they  may  subserve,  or  with  whatever  other  centres  they 
may   be   in    intimate    relation.     We   have,    indeed,   seen 


*  We  hare  here,  in  fact,  to  do  with  a  misconception  very  einii* 
r  in  kind  to  that  which  previously  led  Forille  and  others  to 
rej^rd  the  Corobelluni  aa  a  Sensory  Orgjan  (p.  504)  sitnply  bocansa 
*  internnncial  tibrea  *  entor  it  from  vanoua  BoiiBory  nuclei  or  ganglia. 
To  argue  that  groups  of  celU  have  niutur  fuuctious,  merely  b«cuiitiQ 
stimuli  i!:suing  from  thcro  evoke  movements  wheu  they  impinge 
u[>0Q  motor  gauglia,  is  quite  on  a  par  with  the  argument  that  an 
«irgnn  haa  seaBory  functions  because  fibres  come  to  it  from  Ronsory 
cells- 
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reason  for  bi^lieTing  that  the  KiDicsthoLic  mast  be  in  tl 
closest  functional  rolatioDship  both  with  the  Tisiml 
with  iLe  Auditory  Centres,     from  one  or  more  (but 
baps  more  especially  from  the  first)  of  these  iuter-relnl 
Perceptive  Centres  or  their  aunexcs,  *  intcrnuncial  fibn 
issue,  by  which  they  aro  brou^'ht  into  functional  reliilioi 
with   the  grent    underlying   motor   ganglia — the  Corpora 
Striata. 

Stimululion  of  certain  sets  of  Buch  'internuucial  fibres' 
should  produce  special  Choreic  or  Convulsive  MovcmcnUj 
destruction  of  them  should  produce  Paralysis  ;  aud»  look* 
ing  to  the  direction  in  whicli  they  transmit  their  stimuli, 
analogy  would  lead  us   to   infer   that   the  sevcraQce 
thpir  connections  with  cortical  nerve-cclla  might  lead  l(? 
small  bauds  or  tracts  of  '  descendiug  degenerations  '  be- 
tween the  seats  of  such  severance  and  the  corrospondii 
Corpus  Striatum — yet  these  are  the  results  the  occurreni 
of  which  is  so  confidently  relied  on  by  some  in  suppoi 
of  the  '  motor  *  functions  of  such  portions  of  the  Cerebral 
Cortex. 
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the  first  '  Sensatiou '  nothing  strictly  answering  to 
this  term  exinlR.  We  only  consciously  realize  any  inipres- 
Bion,  as  of  fluch  and  such  a  nature,  by  automatic  com- 
parison of  it  with  other  impressions  which  have  gone 
»efore  it.  A  simple  *  Sensation*  can,  in  fact,  scarcely 
ixist  in  consciousness,  nor  can  it  be  imagined  by  us  in 
mr  present  phase  of  mental  evolution.  Our  so-called 
'  Sensations  *  are  really  Perceptions,  In  one  and  the  same 
act  or  state  each  of  them  embodies  Feeling  and  Intelli- 
gence in  indissoluble  couiu'ction. 

A  seat  of  '  simple  '  or  *  brute  '  Sensation  is,  therefore, 
.not  to  be  looked  for.  The  seats  of  conscious  sensibility  in 
[the  only  intelligible  phase  in  which  such  states  can  exist 
for  as  are  centres  fur  Perception*. 

Aa  the  act  of  Perception  involves  the  automatic  com- 
parison of  present  impressions  with  revived  past  impres- 
sions of  the  same  kind,  aa  well  as  of  some  or  all  other 
kinds  of  impressions  capable  of  being  yielded  by  the 
[Object  perceived,  it  happens  that  even  in  the  simplest  so- 
caUed  '  Sensation  '  the  conjoint  activity  is  necessitated  of 
no  one  limited  tract  of  convolntional  RTcy  matter — but 
rather  of  widely  extended  cell-ond-fibro  mechanisms 
corresponding,  it  may  bo,  with  many  more  or  less  diffused 
^^ftnd  complexly  related  Perceptive  Centres  (p.  522). 
^H  Seeing  that  each  Perceptive  Centre  forms  the  basis  or 
^Starting  point  of  dilToreut  processes  of  Ideation,  and, 
^K       *  See  pp.  170.  u24,  and  "  Nature,"  Jan.  20,  1870,  p.  3uy. 
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therefore,  of  Thought,  and  tbab  the  fieveral  cdoCres  ma 
hava  the  samo  kind  of  relation  to  Emotiriii,   we  may  6 
therein  adiiitional  rejison   for  the  l>oiief  thai  the  difforea 
Perceptire   Ceiilres   iiro  diffuse  in  seat,  and  that   wiJeJ/ 
Reparated  parts  of  the  Cerebral  HemiKpheres  are  probttblj 
kuittcd   together    for    simultaneous   action  eren   in    the 
fiimplcst  sensory  Perception — containing,  as  this  process 
d(>es,  the  genns  of  Thought  and  Emotion,  to  say  nothing 
of  *  Volition  \*     And  although  these  difinse,  but   func- 
tionally unified,  nervous  networks  may  difler  much  from 
ordiuury  '  Centres '  (owing  to  their  assumed  lack  of  topo 
graphical  dislinctness  and  exclusivouess),  it  is   still  con 
venient  to  be  able  to  refer  to  such  networks  as  '  Centres. 
But  in  addition  to  the  complex  perceptive  mechaniiinii 
in  relation  with  the  'five  senses,*  there  are  also  other  Cer 
bral  Centres  for  ingoing  impressions,  some  of  which  are, 
when  in  action,  habitually  attended  by  more  or  less  of 
Consciousness,  whilst  others  are  as  constantly  devoid  of 
any  such  accompaniment.     Yet  all  these  '  Centres  * — qui 
irrespective  of  the  degree   of  vividness  of  the  subject! 
ttccompaitiments  dependent  upon  Uteir  activity — are  pr 
bably  situated  in  some  portions  of  the  Cerebral  Cortex*! 


I 


*  Sec  Dr.   Lombard.  **  On  the  effect  of  Inttfllfctual  and  Kmf 
tionul  Activity  oa  tbo  Temperature  of  the  Head,**  in  "  Proceed,  of 
KoyaJ  Society/'  1878,  p.  402. 

t  Among  tlieso  a  *  sonse  of  i^pace  *  Centre  ought,  perhaps,  to  be 
included,  the  nctirity  of  which  wonld,  however,  be  of  le«B  import- 
ance for  Man  than  for  many  of  the  lower  animals  {pp.  214-219). 
The  instinctive  and  antanj{bt  aiif^rations  of  yoang  Bird^  may  depend 
much  upon  the  automatic  activity  of  this  Centre,  and  are  phenomena 
of  the  anmo  orJiT  a«  the  iofttinctive  fear  of  the  young  Turkey 
hearing  the  cry  of  the  Ilawk  (p.  189),  or  the  inntinctive  appi 
tion  of  food  and  dii!^tance  which  enables  the  young  Chick  to  auap  at 
and  capture  a  Bee  ip.  188).  In  all  tliese  cases  we  have  to  do  wit 
automatic  Perceptions,  as  well  as  with  Aatomatic  Movements. 


XXVn.J    CERKBRAL  WKNTAL  SUBSTRATA. 


591 


ui 


k 


Thcro  are,  in  tbe  first  place,  terniiia  fur  the  important 
lass  of  Visceral  Inipressioua  which,  so  fur  us  they  are 
)Tiuoct4:«d  with  the  auimars  *  life  of  rchiLiou/  are  divisihle 
into  two  main  Cfttegorles — the  Alimentary  and  the  Genital. 
The  parts  of  the  Visceral  Centre  appertaining  to  these 
flets  of  impressions  are  the  cerebral  foci  in  relation  with 
two  all-}>owerful  '  appetites*.     They  mu8t»  each  of  them,  be 
in  intimate  counection  with  the  special  Perceptive  Centres, 
whose  activity  is  conjointly  roused  during  the  times  of 
recurrence  and  active  manifeatalion  of  the  various  Instincts 
of  lower  animals,  as  well  us  during  the  various  phases  of 
mman  passion  and  action  which  are  immediately  or  rc- 
lotely  connected  with  such  Visceral  Impressions. 
Differing  altogether  from    the    foregoing  Impressions, 
both  'special*  and  *  visceral'  (though  their  related  physical 
it'chanisms  may  be   inextricably  intermixed),  we   have 
mother  great  class  of  Impressions — viz.,  those  of  Kln- 
CBBthesiB.     Here  we  are  not  concerned,  except  indirectly, 
with  impressions   made  upon   the  external   or   internal 
surfaces  of  the  Organism.     Such  impressions  evoke  Move- 
^ko^Dis,  and  these  in  their  turn  occasion  various  ingoing  im- 
^MkrcHsions.     Some  of  these  latter  Kina?8thetic  Impressions 
^Bfiuch  as  those  ocx^asioued  by  the  contractions  of  the  Heart 
^Knd  of  the  Alimentary  Canal)  give   rise    in    the  healthy 
^^uman  being  to  no  recognizable  phase  of  Consciousness: 
it  is   even    duubtfnl    whether   some   of  them    ever  reach 
^h^e  Cerebrum.     Other  of  these   impressions,  however — 
^^specially   in   cases   where  Muscles   are  called   into  play 
voluntarily  in  unaccustomed  actions,  and  where  the  Move- 
ments produced  affect  large   Joints  or  tracts  of  Skin — 
give  rise  to  more  or  less  distinct  states  of  Consciousness, 
and  thus  place  it  beyond  all  reasonable  doubt  that  such 
impressions  reach    the  Kinffiathetic  Centres  in  the  cortex 
^mp(  the  Hemispheres. 
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It  is  of  importance  to  remember,  ccncemiiig  this  hH 
SenBC-cndowmeDt,  that  part  of  its  impressioDS  ftre  dis- 
tinctly Tactile  in  nature,  and  as  such  are  probftblr  rcftlix- 
able,  or  hare  their  or^^anic  seats,  in  portions  of  the 
Tactile  Centre ;  and  that  those  of  them  which  we  least 
attended  by  Consciousness  are  probably  the  impressions 
emanating  from  the  Muscles  themselves.  Theae  hut 
components  of  the  many-sided  Kinjesthettc  Sense  oorre- 
S|»ond,  in  the  main,  with  what  has  been  erroneously 
termed  '  muscular  consciousness/  or  with  the  '  mnscalar 
sense  '  in  the  most  limited  acceptation  in  which  this  loiter 
terra  has  been  used. 

The  occarrence  of  Morement  is  for  the  KinjBrtbHic 
Sense,  what  the  presentation  of  an  object  is  lo  the 
Visual  Sense  ;  and  tlie  inability  to  cn^ize  tho  impns- 
eioDs  occasioned  by  Morement  (either  those  that  are 
conscious,  those  that  are  unconscious,  or  both)  which  is 
sometimes  produced  by  certain  morbid  conditions,  is  a 
defect  of  the  Kinsesthetic  Sense  altot^etber  analoigons  to 
'blindness*  in  relation  to  the  Sense  of  Vision.  To  speak 
therefore,  as  Ferrier  does,*  of  this  sequence  of  MoTement 
and  the  Sensations  thereby  induced,  as  a  "  sensori-motor 
association/'  is  altogether  to  miss  and  ioTert  the  real 
Bi^ificance  of  the  phenomena  to  wliioh  he  refers. 

The  impressions  coming  from  every  one  of  the  *  spertal  * 
Sense  Orrrans  are,  in  part,  dependent  for  their  Tarioaa 
combinations  upon  the  Movements  of  sach  organs,  and 
for  this,  as  well  as  for  other  reasons  sabeequenlly  to  bo 
referred  to,  the  connections  existing  between  the  aeTetal 
'  (>erceptire  centres '  for  such  impressions  (especially  those 
of  Touch  and  Sight),  and  the  Kiuestbetie  Centre  most 
be  peeoUarly  intimate  and  complex. 

Each  'special'  Pcrreptivo  Centre  and  also  lh«  'mecfal* 
"*  Lnceit  pw 
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Centre  may,  fit  times,  and  accordiuf^  to  the  nature  of  tho 
Btimuliis,  form  tho  startiug  point  both  in  'aensori-motor' 
and  in  'ideo-motor' Acts,  whence  ontjjoin^  stimuli  issue 
to  rouse  the  ^hUor  Centres.  But  whether  thc»e  im- 
pulses pass  off  from  such  'special'  or  'visceral'  Centros 
directly,  or  whether  (without  our  couseiousuess)  they  piisa 
from  tltcm  to,  and  then  off  from,  some  parts  of  the  Kin- 
jEHtlietic  Centres  must  be  considered  to  remain,  for  the 
prenent,  very  unceiiain. 

On  other  occasions,  either  of  the  •  special  ^  Perceptive 
Centres  may  receive  impressions  which  form  tho  initial 
starting  pointH  of  cuneiita  endin*;  in  Voluntary  Acts; 
tlioUfjh  tlie  iu>mt'diatc  execution  of  the  Movement  thus 
prompted  may,  iu  the  case  of  the  miijority  of  Jinib-move- 
ments.  be  dependent  upon  the  secondarily  excited  guidance 
of  co-active  Visual  and  Kiutestbetic  Centres — -just  as  in 
the  case  of  the  complex  movements  concerned  in  Articu- 
late Speech,  the  immediate  execution  of  such  movements 
is  dependent  upon  the  regulative  activity  of  the  combined 
Auditory  and  Ivina'sthetic  Centres,* 

Owing  to  the  great  prepnnderance  of  movements  of  tho 
right  arm  and  hand,  as  compared  with  those  ou  tho  left  side, 
the  Kimesthetic  Centre  of  the  left  Cerebral  Heniispliore 
would  be  much  better  developed,  in  tho  great  majority  of 
persons,  than  that  of  the  right  Hemis|iherc.  Tho  imprea- 
slons  of  the  Kinu^sthetic  Sense  are,  in  this  respect,  pre- 
cisely like  those  of  Touch — and  these  two  kinds  of  sensory 
endowments,  as  we  have  seen,  merge  into  one  another 
BO  imperceptibly  as  to  make  it,  in  part,  impossible  to 
separate  their  Cerebral  Centres  from  one  another. 

This  preponderating  activity  of  the  left  Cerebral  Hemi- 
Bphere  in  regard  to  Tactile  and  Kina;sthetic  Impressions 
(Btfotit  wLich  there  is  no  room  for  doubt)  may  have  some- 
*  Sec  p.  ht>lt,  and  Chap.  xxix. 
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tiling  to  do  M'ilh  anotbcr  fact,  \iz.,  tbat  the  lofl  Hoinu 
Bphcro  is  the  most  potent,  and  seems  to  take  the  lead  in' 
giviu^  rise  to  the  Voluntary  liupulsious  which  determine 
the  muscular  acts  involved  in  AKiculatc  Speech.* 


In  regard  to  onr  '  ideas  *  of  Words — the  symbols  wil 
\\hich  our  Thoughts  are  incxtricablj  interwoven — th< 
are,  for  the  most  part,  complex,  the  components  (as  i] 
the  case  of  simple  Perceptious)  being  dependent  upon  tli^ 
activity  of  diflerent  Centres — which  need  not  a]wa3's  acl 
together — and  in  their  order  of  importance  are  probablj 
to  Ite  enumerated  as  the  Auditor}',  tlie  Visunl,  and  th( 
Kina>sthetic. 

Of  these  modes  of  *  ideal '  recall  of  Words,   the  ti 
former  are  distinct  and  easily  recorerable,  while  the  lattt 
is   chankcterislically    vafi^nc    and    diilicnlt   of    conscioai 
realization.     Let  any  one  contrast  bis  idea  of  the  soani 
of  the  word  *  London/ or  his  idea  of  tlio  appearance  of 
word  when  printed  or  written,  with  his  idea  of  the  mui 
ciilar  and  other  feelings  associated  with  the  articulation 
the    same   word,  and  the   inferiority  in   deSnitcness  and 
rueoverubility  of  the  latter  will  at  onco  become  obTioui 
There  is  nothing  surprising  in  this,  however,  since  w^ 
know   that    the    tendency   of    Kintesthetic    Impressiontfj 
geueriJly  is  that  they  should,  like  Visceral  Impressiom 
soon  come  to  affect  the  motor  machinery  of  our  bodier^ 
without  arousing  onr  ConscioasnesB.     In  such  animals  as 
are  born  with  their  motor  acquirements  already  well-nig] 
complete  (pp.  188,  229),  KinnBsthetic  Impressions  probablj 
enter  as  little  into  their  conscious  Mental  Life  as  mi 
titudea  of  Viscinil  ImprcHsions  enter  into  our  own. 

Speech  has  already  become,   for    the   human   race,    »* 

*  Sev  p^  403«  and  alao  Dr.  Lombard  ia  **Pn;c«cd.  uf  tbe  Boj 
Society/'  1878,  pp.  463,  W*. 
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mtieh  more  'iustinctivo'  act  than  Writin*!,  so  that  it  is 
nu^n;]}'  n  rosnlt  of  Ui«  tpmloDf^y  nliovc  nllndcd  to  that  the 
KinicBthetio  Impressions,  pertaining  to  the  moro  deeply 
iDf^ained  motor  acts,  have  iKiotuo  propoitionalcly  moio 
vague  and  irrecoverable.  He  this  explanation  correct  or 
not,  the  (act  itself  is  obvious.  Let  any  one  shnt  his  e}cs, 
place  bis  fingers  in  the  position  for  wnting,  and  make  in 
the  air  such  movements  as  would  he  needed  for  writing 
the  word  *  London ;  *  immediately  afterwards  let  him 
articulate  the  same  word  and  compare,  in  regard  to 
relative  distinctness,  the  two  sets  of  Kinfesthetic  Impres- 
ions.  The  difference  appears  to  the  writer  to  be  most 
marked. 
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The  fact  ttmt  Thought  in   a  chilO,  or  in  an  ^ahscnt-niinded* 
irsoD,  is  apt  to  be  accompanied  with  muttered  Arlicalatians  may 
'1>e  easily  umlerHtood  wlien  we  consider  to  what  an  extent  Speech 
soon   becomes  a  mere  reilex    or    'ideoraotor'  ucU  and    thut  the 
lenomcnon  in  question  Dceiirs  especially  in  those  perdons,  or  under 
lose  conditions,  in  which  Volitional  Control  is  in  aU^yauce  and 
reflex  actions  nrc  most  prone  to  manifest  themselve!i.     A^in,  that 
Arlicululion  should  (where  it  is  not  intended)  so  frequently  accom- 
pany the  attcm|:il  to  read  made  by  un  illiterate  ]^cr&on  or  by  a 
child,  is  eiinply  due  to  the  fact  that  during  the  process  of  learninfc 
to  read  (from  which  they  have  not  yet  emerged),  their  attempts 
Are  always  accompanied  by  vocal  articulations — as  in  the  proccea 
of  readinf?  aloud  to  a  teacher.     To  stop  at  the  mere  realizati<^n  of 
the  Visnul  Impression,  and  thus  undo  their  previous  hubit,  is  an 
accomplishment  to  which  these  porwrns  and  many  children  have 
lot  yet  attained. 

To  speak,  therefore,  of  the  *  ideas '  of  Words  as  '  motor 
^processes/  or  to  say  that.  '*  a  svppreascd  arttcnlotion  is, 
In  fact,  the  material  of  our  recollection,  the  intellectual 
manifestation,  the  idea  of  Speech,"  is,  in  the  writer's 
^^  opinion,  both  niisleinling  and  erroneous — though  the  latter 
^■ps  a  view  which  has  been  put  forth  and  advocated  by 
^^no  less  an  authority  on  paychological  finhjeels  than  Pro- 
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fessor  Bain.*  Tliut  mental  representative  of  a  Worl 
■which  is  least  distinct  and  most  difficult  to  revive  (whul- 
ever  niiiy  be  the  view  entertained  as  to  its  precise  nature 
and  ori^riii),  is  hero  declared  to  he  of  most  importance  ia 
rcf?ard  to  Thought  and  Speech  processeB — as  of  so  much 
imporlunce  tLat  it  is  spoken  of  hy  Prof,  Bain  as  con- 
stituting the  "material  of  oar  recollection^*  in  the  uM' 
and  production  of  "Words,  whilst  no  mention  is  in  ihia 
place  made  of  other  (auditory  and  visual)  modes  of  revival, 
Af^ttin,  relying  much  npon  the  above  and  allied  doo* 
trines,  Dr.  Hughlings  Jacksont  has  repeatedly  and  in  the 
most  forcible  manner,  urged  his  own  view  that  '*  mrn- 
tal  oprratiotiB  in  the  last  anahj&U  muni  be  merely  the 
suhjeciire  »ule  of  sensory  ami  motor  stthstrata"  For 
those  who  hold,  as  Hughlings  Jackson  does,  the  view 
of  Bun,  Wandt,  and  others,  to  the  effect  that  our 
ConscioiisnesB  of  'muscular  flct-ivfty'  is  In  great  part 
iuitial,  centric  and  realizable  in  the  Motor  Centres — thi« 
moilo  of  expression  is  legitimate  enough  :  it  ia,  in  faei, 
its  logical  outcome.  But  for  those  who  wholly  disbelieve 
thia  general  doctrine,  ns  Dr.  Ferrier  does,  and  who  regard 
all  sensations  or  impressions  connected  with  Movement  atf 
derivable  from  pcripliei*ttl  *  ingoing'  impressions  emanating 
from  the  moving  parts  themselves,  and  not  going  back 
to  the  Cerebrum  along  motor  nerves,  snch  an  opinion  and] 
such  modes  of  expression  would  be  altogether  inadmissible. 

•  "The  Senses  and  the  Intellect/'  3rd  Ed.,  p.  .TJO.     It  is  tma 
tbat  in  other  parts  of  the  same  work  (r.y ,  on  p.  43<5)  Prof.  Bain, 
in  a  contradictory  manner,  refers  to  scnaory  ch'tnentsof  theaoditoi 
tyi»e  as  the  most  ini)xjrlant  components  of  our  memory  of  epokt 
lungnuge;  but  this  in  no  way  dimiuinhes  his  repponsiLUily  for  the^ 
emphasised  gtateuieiit  above  quoted.     (See  "Furtuigbtly  Iteviei 
Ap.  18i;P.  p.  4i»3.) 

t  "Clin,  and  PhymioloR.  Il«seurch  on   the  ICervous   System/ 
^Kcpriut),  1870,  pp.  xjc-xuvii. 
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Yet,  strangely  onougb,  this  latter  able  writer  ami  espori- 
mcnter,  wliose  views  are  likely  to  exercise  considerable 
influence,  Recnis  to  hiive  been  betrayed  into  nnch  an  in- 
consistency.* 

If  the  variouA  impreHsions  which  go  to  make  np  tho  Kinmsthetio 
Sense  uro  all  of  thctn  (us  wo  aii{)iK>.Mo}  real  'ingoing'  iuipretiHionB 
that  traverse  Jiffercnt  kinds  of  Bonsory  nervea,  the  mere  difference 
of  the  mode  or  ocoasiun  on  which  they  are  excitod.  should  not  leail 
to  th«ir  lieing  spoken  of  aa  thonyh  they  were  rudically  different  in 
natnre  from  other  sensory  impressions.  So  that  in  accordance  nith 
this  view,  the  dictum  '  nihil  e$t  ia  inftilcHu  qtiod  non  ftterit prius 
in  BPHSU*  loses  none  of  its  oM  force — it  is  a  formula  broad  cnougli 
to  inclnde  tht*  Kina»8thetic  and  Viscera!  as  well  as  the  Special 
SeiiRes— and  if  incorrect,  would  be  bo  us  much  in  the  one  as  in  the 
otliiT  direction. 

tVrrier  truly  saysf: — *'  By  the  movementa  of  the  head  and  eyes 
we  greatly  extend  the  scope  and  complicate  the  facts  of  visool 
scnsution,  and  by  the  movements  of  the  limbs  the  range  of  tactile 
experience  is  increased  a  thoasandfoM."  Bnt  he  conveys  (from  his 
own  prc^'ioua  point  of  view)  a  contradictory  and  erroncoas  implica- 
tion when  ho  adds : — *'  There  are  few  objects  of  cognition  known 
to  tis  only  by  sensory  chamctora  or  impressions.  The  vast  majority 
involve  the  activity  both  of  our  sensory  and  motor  fucultios,  and 
our  idons  ore  a  mixed  revival  lioth  of  ideal  movementa  and  ideal 
sensations  in  their  reB[>ective  coherent  associations.  This  is  excm- 
plitied  in  the  acquisition  and  constitution  of  ideas  of  form,  shape, 
weight,  resistance  and  the  like." 

A  view  of  this  kind  (viz.,  that  '  ideal  movumcuts'  have  a  basis 
other  than,  and  wholly  opp^iaed  to,  that  usually  known  aa  '  sensory ') 
is  one  now  commonly  held,  and  is  altogether  similar  to  that 
taught  in  this  country  by  Prof.  Buin.  He,  for  instance,  when 
siKSiking  of  Sight,  has  said  J  it  "  is  now  generally  considered  aa  a 
mixed  sense,  and  that  the  visnal  sonaationB  are  partly  muscular 
feelings   and  partly  optical   feelings.'*      lie  adds: — "In  all  that 

•  This  may  be  seen  l^  comparing  Ferrier'a  examination  of  the 
'  muftcnlar  sense '  question  ("  Functions  of  the  Brain,"  pp.  215-227), 
with  hid  views  and  modes  of  expression  in  Chap,  u,,  some  state- 
ments in  which  are  now  alioiit  to  be  referred  to. 

1 1*00.  cit.  p.  207.     ;  '*  Fortnightly  Keview,"  April,  18<i9,  p.  499. 
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r<*|[farJ8  vwiblt*  movemenU  and  vUiblo  forro,  the  mnhcnUr 
BciuusneA«.  it  U  now  cuiitetidoil.  in  the  iuUia[)eo»able  clement; 
the  optical  geuKatioDS  merely  guiding  the  movements.  Kaked 
outlines,  as  the  diugraais  of  Euclid  aud  thu  alphabetical  charac- 
ters are,  to  eay  the  least,  three  parts  ronBCular  and  one  purl 
optical,  their  retention  ia  enpposcd  to  depend  npon  the  adheair* 
property  of  the  ocular  muncles  and  their  nerre  centres,  and 
not  upon  purely  optical  circles.  The  rocmory  of  a  \'iuibIo  forcpi 
la  a  ruinlK>\v,  contains  tbe  conscionsness  of  a  muscular  ■werpi 
the  windiogB  of  a  river  which,  in  the  actual  view,  have  ta 
he  followed  by  movements  of  the  eye,  arc  rememhered  as  ideal 
movements." 

Without  queationinx  the  undoubted  fact,  that  the  movements  of 
■M  sensory  organ  must  greatly  inereaBc  the  variety  of  impre«sions 
derivable  therefrom,  or  that  they  may  contribute  notably  to  generate 
in  the  mind  of  the  individiiiil  the  fundamental  notion  of  mode*  of 
existence  known  as  *  space,' '  time,'  and  '  reaistauce,'  it  is  nevertbelesa 
open  for  eacli  one  of  us  to  form  htR  own  opinion  as  to  the  extent  tA 
which  *  muscular  coneciouBness '  reveala  itself  to  us  as  interwoven 
with  our  ordinary  night  impresftions,  and  many  may  i>erltft|>a  be 
inclined  to  tliirik  they  cun  detect  far  less  of  it  than  I'ruf.  Bain. 
It  is  uUo  open  to  each  one  of  us  to  tuke  a  difiVreot  view  u  to 
the  meaning  and  niitun*  of  what  Prof.  Bain  here  speuke  of  as  *  mu3- 
cular  conscioQsneits.'  He,  we  know,  regarda  it  as  a  '  concomitanl 
of  the  outgoing  current,*  and  upon  this  basis  considera  it  to  bfl 
radically  oiposcd  to  all  other  modes  of  ftcusibility — though  this  is 
a  view  which  others  have  juat  as  decidedly  rejected. 

I''or  those,  however,  who  entertain  this  disbelief  ia  the  existence 
of  a 'muscular  sense'  or 'muscukr  consciousness*  as  a  concomi- 
tant of  the  'outgoing*  current,  and  who  conaidur  that  the  know- 
ledge attributed  to  such  an  endowment  ha^,  in  reality,  l>e<*n  ao- 
qiiiri-d  by  means  of  'ingoing'  impresaioua  emanating  from  the 
moving  parta  themselves,  the  revival  in  idea  of  such  knowWg« 
must  be  as  purely  depeiidtjnt  upcm  the  activity  of  Sensory  CenUt* 
us  are  the  processes  concerned  with  the  revival  in  idea  of  particular 
Odours. 

The  seats  of  revival  in  idea  of  Movement.^  of  parts  of  the  body 
which  are  not  seen  (e.g.,  ihowi  of  tlie  larynx  or  of  the  eyes),  gr^ 
the  Kinmstlictic  Centivs  alone;  whilst  in  the  case  of  Movement* 
of  parts  of  the  body  that  are  habitually  seen — Movements  whieh 
have  perhaps  been  learned  nnder  additional  guidance  from  Visioa—^ 
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double  ur  miKcd  ideal  recAll  occurs,  partly  hnring  its  organic  basis 
the  Kiiiicstlietic  aud  partly  in  the  Visual  Uentren. 
It  seems,  therefore,  not  n,  littlo  inconsistent  to  find  Fcrrier  (who 
rejects  the  doctrine  of  Bain  and  Wundt)  writing  as  follows : — "In 
the  same  manner  as  the  sensory  centres  form  the  organic  basis  of 
the  memory  of  sensory  impressions,  and  the  scat  of  their  repro- 
sentiition  or  revival  in  idea,  so  the  motor  centres  of  the  henii- 
spheres,  besides  being  the  centres  of  ditl'crentiuted  movenicnls,  are 
also  the  organic  basis  of  the  memory  of  the  correapouding  move- 
ments, and  iJtc  scat  of  their  rc-excctitton  or  idval  reprinindlon.^ 
We  have  thus  a  sensory  memory  and  a  motur  nmniory,  sensory 
ideas  and  motor  idetig ;  sensory  ideas  being  revived  sensations, 
motor  idetis  fcet'wjf  revivvd  or  idviU  Tnvvvnieuts,  Ideal  niovenuynla 
form  no  Icse  an-  importaiU  elcmeni  in  our  mriital  jirocrgscM  tl^aik 
idrnihj  revived  amantwHS." 

There  is  here  an  obvious  cournsion  between  two  totally  dii^tinct 
centres  and  procettsus.  Ferrier,  in  fact,  by  rejecting  the  doctrine  of 
Bain  and  Wnndt  in  reference  to  the  'muscular  sense,'  or  'mascle 
cimsciousness,*  rejected  the  natnnil  liasia  upon  which  linghlinga 
J:tekt<on  originally  fonnded  his  hypothesis,  as  to  the  existence  ot 
'  motor  centres  *  in  the  Cerebral  Convolutions.  Yet  on  coming  to  hia 
Ch:ip.  xi.,  "The  PTemi^pheres  considered  Pi^ychologically,"  Ferrier 
writes  as  though  ho  hnd  forgotten  ibis  previous  n^ection,  aud  the 
whole  discussion  to  which  he  had  devoted  pp.  21«'>-227  of  his  work. 
He  has,  therefore,  on  the  one  hand,  striven  to  localize  '  motor 
centres*  in  the  Ccn^bml  Convolnlions.  and,  on  the  other  hand,  bo 
has  deliberately  rejected  that  interpretation  of  the  philosophical 
aud  physiological  evidence  upon  which  the  existence  of  any  such 
centres  must  rest. 


M(»tor  coutres,  wherever  tbey  may  be  situated,  are  parts 
hose   activity  appears  to  ho  wholly  free  from  Bubjotjtive 

ncomitants.  No  *  ideal'  reproductions  seem  ever  to  take 
place  iu  such  centres ;  they  are  roused  into  activity  hy 
outgoing  currcntSj  aud,  so  far  as  we  have  any  evidence, 
the  induction  in  them  of  mokculnr  movements  which, 
immediately  afterwards,  iiisue  thruupli  cranial  and  spinal 

otor  Nerves  to  Muscles  are  simply  phyyical  phenomena. 

*  Italics  not  iu  the  origiunl  (toe.  cit.  p.  '2<56)* 
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lese  processes  are  app&rentlj  as  free  from  sabjectireaoeom 
'paniments  as  are  tlie  actual  molecnlar  proeeaseg  therebr  in- 
cited in  the  Muscle  itself.  It  is  the  altered  condition  of  tbo 
Mascle  thus  indnceJ,  and  of  contignoDB  pula  as  oeca* 
sioned  bj  the  Movement,  which  together  engender  a  body 
of  ingoing  impressions,  the  ierminns  for  which  is  tho 
Kina^sthetic  Centre.  This,  therefore,  is  a  true  Sensory 
Centre,  and  in  it  *  ideal  moTemeuts'  may  be  reTiTeil,  either 
[one  or  coujointlr.  \n\h  related  Visual  Impressions, 

The  Kiuiestbetic  Centre  is,  indeed,  one  of  great  impor- 
tance. Its  impressions  enter  inextricably  into  a  large 
majority  of  our  mental  processes — as  widely  and  inextric- 
ably, in  fact,  as  the  assumed  'muscular  con  scion  sncas* 
of  Bain  is  supposed  by  him  and  others  to  be  intertwined 
with  what  they  would  distinguish  as  '  passiTe  ^  sensibilities. 
But  it  can  only  produce  an  extreme  amount  of  confusion, 
if  the  activity  of  this  Sensory  Centre  is  attributed  to  sDd 
confounded  with  that  of  Motor  Centres,  the  processes 
which  seem  to  lie  even  more  truly  outside  the  spherS' 
of  Mind  than  the  molecular  processes  comprised  in 
actual  contraction  of  a  Muscle :  these  latter  proecsses  art 
at  least  immediately  followed  by  'ingoing*  impressioDSa 
whilst  BO  £ar  as  we  know — that  is  so  far  as  any  erideaos 
exists — the  former  are  not. 

The  Cerebral  substrata  of  Mind,  therefore,  in  no  way 
inclnde,  as  the  writer  believes,  the  processes  taking  place 
in  the  Motor  Centres  of  the  C-erebrum,  whereaoerer  they 
mny  be  situated,  !^fenlal  operations,  in  other  words,  can  DO 
longer  be  legitimately  postulated  as  being,  in  part,  imme- 
diately dne  to  the  activity  of  Motor  Centres.  Nor  can 
*  ideal'  Words  be  rightly  described  as  'motor  prtMXisaea.* 
This  is  a  point  so  fnndamcnta.1  that  in  regard  to  it  there 
should  be  no  misunderstandings  or  ambiguities,  other  Mt^" 
those  which  may  be  inherent  in  the  subject  itseH 
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CHAPTER  XXVIIL 


BPEAION'a,     READIN'G,    ANI>    WUfTOfO  :     AS     MENTAL    AND    AS 
PHYSIOLOGICAL    PROCEHSES. 

ToB  views  arrived  at  in  the  last  cbuptcr  will  be  found 
to  bnrraonize  well  with  what  is  known  as  to  the  mode  in 
which  tbo  fiicnlty  of  Articnlato  Sjicoch,  toj^ether  with 
the  superadded  accomplishments  of  Reading  and  Writing, 
are  acquired.  A  preliminary  consideration  of  these  sub- 
jects will,  moreover,  facilitate  our  coniprchonsion  of  the 
various  defects  in  the  power  of  Intelluctual  Expression 
(whether  by  Si)ecch  or  Writing)  liable  to  be  produced  by 
different  kinds  of  Brnin-disi-ase  :  and  the  study  of  the  latter 
subject  is  most  important  for  the  psychologist.  Its  inves- 
tigation has  already  revealed  some  very  interesting  facts  as 
to  the  order  and  precise  relations  of  various  mental  pro- 
cesses, as  well  us  concerning  their  relationship  to  the  func- 
tional activity  of  particular  tracts  of  Brain-tissne.  We 
arc,  indeed,  in  this  manner  alTurdcd  the  nearest  approach 
that  is  possible  to  an  cxperimeutiil  investigStion  of  such 
subjects.  A  close  scrutiny  of  the  necessary  details  will, 
whilst  furthering  our  knowledge,  servo  also  (as  a  result 
of  this  knowledge)  to  increase  our  chance  of  being  able  to 
bring  amelioration  to  the  sufferers  themselves. 

That  Thought  iu  all  its  higher  modes  cannot  bo  carried 
on  without  the  aid  of  Laiiguajye  is  a  proposition  which 
will  be  almost  universally  admitted  if  we  use  the  latter 
term  in  its  broadest  sense:  For,  as  Thomson  says,* 
»  "  Laws  of  Tliought,"  ISflO,  p,  27. 
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"Language,  in  its  most  general  accoptation,  might 
deKcribed  as  a  mode  uf  exprosHing  our  thoughts  by  menul 
of  motions  of  the  body  ;  it  would  thus  include  spokei 
words,  cries,  involuntary  pjestures  that  indicate  the  feel- 
ings, even  painting  and  sculpture,  together  with  thos 
contrivances  which  replace  speech  in   situations  where 
cannot  be  employed."     Articulate  Sjwech,  in  one  or  oth< 
of  its  modes,  is,  however,  the  process  which  (for  ordinal 
human  beings)  is  found   to  be  inseparably  related   with 
their  Thinking  processes.     Speech    is,    indeed,    nothiuj 
else  tlwu  *'  a  system  of  articulate  words  adopted  by  coi 
veution  to  represent   outwardly  tlie  internal   process 
Thinking/' 

Taking  the  Human  Race  at  the  present  stage  of  ij 
history,  when  most  elaborate  Languages  have  long  ag< 
been  acquired  by  different  sections  of  it,  we  m»y  now 
briefly  set  forth  the  principal  steps  by  which  individuAl 
children  learn  to  undcrstiind  one  of  these  languages  ;  bow 
afterwards  they  learn  to  Speak,  to  Read,  and  to  Write] 
and  to  what  extent  the  symbols  involved  in  these  variot 
processes  recur  tp  the  Mind  as  the  framework  of  Though! 

A  biief  skt,*tch  of  the  nature  of  the  processes  iuvolri 
in  these  aciiuiKitions  was  attempted  by  the  writer  in  186! 
in   an  article*  entitled  the  "Physiology  of  Thinkingp" 
and  from  this  a  few  quotations  may  now  be  made. 

"  The  young  infant  first  begins  to  distinguish  natui 
objects  from  one  another  by  differences  in  shape,  colour, 
touch,  odour,  etc.,  which  these  may  present  to  its  diffcroul 
senses ;  it  is  then  taught  (slowly  and  with  diffieully) 
associate  some  object  possessing  certain  combined  attribul 
by  which  it  is  remembered,  with  a  certain  articulate  aoiti 
which  has  been  often  repealed  wlulst  the  object  is  poinl 
at,  till  by  dint  of  continual  repetition  this  sound  (or  woi 
*  "  Fortiiigbtly  Beviow,"  January,  I860, 
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becomes  so  iJentided  with  tbe  vanous  attributes  of  the 
object  that,  when  heard,  it  invariably  recalls  to  memory 
tbe  object  of  which  it  may  now  bo  said  to  form  a  kind  of 
additional  attribute,  juntas  the  sigbt  or  touch  of  the  object 
\s'ill  in  turn  'call  up  the  memory  of  the  sound  which  has 
been  employed  as  its  designation.  At  first  these  articu- 
late sounds  (or  spoken  words)  are  only  connected  with 
external  objects,  though  soon  certain  adjectives,  signifying 
approval  or  disapproval,  are  added  as  qualifying  sounds. 
By  degrees  the  uarabcr  of  nouns  and  of  adjectives  in  uso 
increascSi  aud   also   other  ports  of    speech   are  added. 

the  process  of  learning  is  the  same  in  all 

coses,  whether  the  spoken  sound  is  to  be  associated  with 
an  external  object,  with  an  emotional  condition,  or  with 
a  conception  of  the  mind  :  first,  it  is  necessary  that  wo 
bhonbl  bo  able  to  recollect  and  ideiitify,  when  again  pre- 
sented to  consciousness,  either  the  set  of  attributes 
belonging  to  the  object,  the  peculiarities  of  the  emotional 
state,  or  of  the  intellectual  conception  ;  and,  secondly, 
that  we  should  bo  able  to  recollect  the  particular  vocal 
sounds  which  have  been  associated  with  these  several 
modifications  of  eonsciouanoss  when  previously  existing, 

This  is  the  first  stage  passed  through  in 

the  acquirement  of  a  language — it  is  the  mere  learning 
to  associate  particular  soumh  with  particular  mental  im- 
pressiuns,  which  assottialiou  at  last  becomes  so  strong  as 
to  be  almost  inseparable,  the  thing  unfailingly  recalling 
to  memory  the  sound,  aud  the  articulate  sound  as  surely 
conjuring  up  a  more  or  less  vivid  idea  of  the  tbing.  In 
the  process  of  Naming,  therefore,  there  is  involved  not 
only  a  simple  act  of  memory,  but  also,  as  Herbert  Spencer 
has  pointed  out,  the  germ  of  a  reasoning  process  in  the 
form  of  a  simple  act  of  inference  .....  it  would 
Boem  pretty  obvious  Uiat  so  far  us  tbo  infant  thinks  by 
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nieuns  of  language,  it  does  so  by  moans  of  the  rfutcmherrd 
sounds  of  words — these  are  its  Huguiatic  symbols  of 
thought,  which  must,  however,  be  mixed  np  iuestricablj 
iu  its  mind  with  othor  senso-impressions,  and  znoro 
osjteciHlly  with  those  of  sight.  For  It  may  fairly  be  said 
that  the  great  majority  of  children  can  remember  the 
names  given  to  many  external  objects  whon  thoy  are  four 
or  five  months  old ;  their  memory  in  this  respect  cou- 
tiunally  increasing  through  succeeding  months,  even  whilsl 
they  still  make  no  very  distinct  efTort  at  articulating  wordi 
for  themselves. *' 

The  next  step  is  the  development  or  acqnirenu^nt  bj 
the  individual  child  of  the  power  of  articuhitiug  for  him- 
self the  sounds  which  hiivo  hitherto  been  increasiu^^ly 
employed  as  mental  symbols.  The  potentiality  of  attain- 
ing to  such  a  power  the  child  receives,  iu  the  main,  as  an 
inheritance  from  so  many  antecedent  generations  of  men, 
that  its  actual  manifestation — the  acquisition,  that  is,  of 
the  power  of  Speaking — can  only  be  regarded  as  a  motor 
achievement  of  an  order  similar  to  some  of  those  which 
may  be  included  among  the  Instinctive  Acta  of  lower 
animals :  the  similarity  being  not  so  much  with  the 
luHlinctivo  Acts  that  animals  are  bom  with  the  capacity 
of  performing,  but  rather  with  those  which  manifest 
themselves  a  little  later  in  life,  and  which  (from  their 
more  gradual  acquirement)  might  be  thought  not  to  boj 
Instinctive  Acts  at  all  (p.  561). 

A  process  of  'learning'  to  Sfwak  intervenes  in  part] 
in  the  former  case,  but  it  is  whilst  the  inluM-ttcd  struo 
tures  are  undergoing  development  iu  the  child's  NcrToaftj 
System. 

**  A  certain  order  of  development  is  always  observed  in 
the  various  parts  of  the  human  body,  and  this  holds  good 
also  with   regard   to  the  several  parts  of   the   nerroas 
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aystem Even  though  the  child  Acquires  the 

power  of  tittering  aKiculate  sounds  slowly,  still  when  wo 
think  of  the  delicacy  of  the  muscular  combinations 
necessary,  and  of  the  almost  instinctive  way  in  which 
they  are  brouj^'ht  about,  we  shall  rather  be  impressed  with 
the  notion  that  this  could  not  have  been  accomplished  at 
all  had  not  the  infant  been  born  with  a  nervous  system 
tending  to  develop  itself  in  certain  special  directions,  and 
thus  m»kiirg  the  performance  of  the  highly  complex 
muscular  acts  necessary  for  articulate  speech  a  possibility. 
Hiowly  elalK)mted  developments  of  the  parte  of  the 
Medulla  and  of  the  Brain  concerned  in  the  acts  of  speech, 
we  may  presume  had  taken  place  in  remote  individuals 
of  the  parent  race,  as  they  acquired  additional  powers 
in  this  r  spect  ;  and  the  power  of  developing  similar 
structural  connections  between  nerve  cells  and  nerve 
fibres,  Ihns  established,  having  been  handed  down  and 
gradually  rendered  more  perfect  by  hereditary  transmis- 
sion through  countless  succeeding  generations,  the  infant  of 
to-day  is  bom,  perchance,  with  the  potentiality  of  develop- 
ing a  nervous  system  as  complex  and  as  perfect  in  this 
respect  as  any  which  may  have  preceded  it  in  its  own 
ancestral  line/'  A  slowly  growing  mechanism  of  this  kind 
becomes  perfecteil  under  the  influcnco  of  suitable  stimuli 
of  a  volitional  order,  which  here,  as  in  the  case  of  tho 
acquirement  of  new  motor  powers  by  an  adult,  have  an 
unquestionable  though  an  unexplained  influence  in  bring- 
ing about  the  development  of  nerve-tissues  in  the  Centres 
to  which  they  are  directed  (see  p.  663).  "  This  impetus, 
we  may  presume,  is  given  by  the  passage  of  nervc-currenta 
downwards  from  those  snperficial  portions  of  the  cerebral 
hemispheres  concerned  in  the  acts  of  intellectual  percep- 
tion and  of  memory,  to  those  parts  which  are  the  motor 
centres  concerned  in  articulate  speech." 
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•*  At  first  tho  cliiltl's  ftiticulftlorj'  cnpacity  is  connnt 
to  mimicking — tlnit  is  to  sa)*,  it  rrpouta  such  words  <ml] 
ft9  have  just  been  spoken  to  it;  1>ut  after  a  tim«,  wlu 
the  act  of  cmittin**  this  sound  liaH  become  perfectly  eai 
by  constant  repetition,  the  child  gives  utterance  to  it 
its  own  accord,  on  the  more  sight  of  the  object  wil 
which  the  sound  was  orifriniilly  Associftted  in  its  niind< 
Tliis  then  is  the  second  staj^o  in  the  acquirement  of  Ian- 
gaage  ;  and  the  child  only  slowly  attains  to  a  more  perfe 
performance  of  the  mental  and  motor  processes  involved. 
After  a  time,  however,  Thought  and  Lnn»juftge  l)ecome  in< 
separably  associated,  so  that  words  are  voluntarily  recalled 
by  the  renewal  of  previous  nerve  actions  in  the  Anditoijy 
Perceptive  Centres,  and  such  nerve  processes  are  followi 
by  the  complex  combination  of  muscular  actions  ooncem< 
in  the  articulation  of  the  several  words  as  they  arise 
Thought, 

Since  the  foregoing  views  were  expressed  and  pub- 
lished, the  writer  has  met  with  an  altogether  nnexpecU 
condrmation  of  their  trutli.  In  the  year  1877  he  wi 
consulted  concemiug  the  health  of  %  boy,  the  son  of  a 
leading  barrister,  who  was  then  twelve  years  old,  and 
had  been  subject  to  '  lits  *  at  intervals.  The  first  fits 
occurred  in  infancy,  when  Uie  patient  was  about  niaa 
mouths  old.  Towards  the  end  of  the  second  year  thes 
fits  seemed  to  have  ceased,  and  the  cldld  appeared  sul 
ciently  intelligent — to  be  well,  in  fact,  in  all  respects  exce] 
that  he  did  not  talk.  When  nearly  five  years  old  the  littU 
fellow  still  hud  not  spoken  a  single  word,  and  alH>ut  thi 
time  two  eminent  physicians  were  consulted  in  regard 
his  '  dumbness.'  lUii  before  the  e\piratiou  of  nnothi 
twelve  monthn,  as  his  mother  reports,  on  the  occiitiion 
an  accident  happening  to  one  of  his  favourite  toys,  he  bui 
denly  exclaimed,  "  What  a  pity  !  "  though  he  bad   nev4 
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previonsly  spoken  a  single  word.  The  same  words  could 
not  be  repeated,  nor  were  others  spoken,  notwithstAnding 
all  eutreaticH,  fur  a  period  of  two  weeks,*  Thereafter  the 
boy  progressed  rapidly,  and  speedily  became  most  talk- 
atiro.  When  seen  by  the  writer  he  spoke  in  an  ordinary 
manner,  without  the  least  sign  of  impediment  or  defcct.+ 
No  explanation  of  such  facts  seems  possible,  except  on 
the  supposition  that  Speech  has  now  become  a  truly 
autontutic  act  for  human  heinrrs,  and  that  if  children  do  not 
speak  at  birth  this  is  in  the  ninin  due  to  the  fact  that 
their  nervous  systems  are  still  too  immature.  But  when, 
in  the  natural  course  of  development,  the  parts  concerned 
have  bectmie  properly  elaborated,  the  highly  complex  move- 

*  Ad  emotional  is  much  stronf>er  than  a  Tolitional  Etimulus — 
ti  tiling  of  higluT  tension — so  tliat  it  may  occasionally  force  its  way 
ulon^  chanDclu  and  against  resistance  wliich  the  volitional  stimulus 
alone  has  Wen  unable  to  overcome.  Illustrations  of  this  aro  fre- 
qnently  to  bo  met  with  anion(f  persons  who,  from  tho  effects  of 
disease,  have  t«mi>orurily  lost  the  power  of  speaking.  Snch  iodi* 
vidnals  occasionally  utter  some  word  or  nhort  phrase  under  the  in- 
flu»>ticeof  Hmotion  which  they  are  afterwards  quite  unable  to  re[>eat. 

t  Althotigh  there  seemed  no  room  for  donbt  aa  to  the  credibility 
of  the  above  narrative,  Btill,  on  account  of  the  extraordinary  naturo 
of  the  facts,  it  may  be  well  to  r^marV  that  it  was  completely  con- 
6rmed  by  the  governess  who  had  previuasly  had  tho  care  of  tho 
child,  and  who  was  present  un  tho  occaiiion  of  this  first  and  un- 
taught act  of  Articulate  Speech.  A  proof  of  this  sheet  has  also 
been  submitted  to  tho  father,  who,  in  reply  to  my  enquiry  as  to 
whether  an^'tliing  required  to  be  altered  in  the  account  above  given, 

writes  (Jan.  9lh,  188l>)  : — "  The  statement  as  to  my  boy  A is 

perfectly  correct/'  On  mentioning  this  cose  to  a  distinguished 
physician,  he  informed  me  of  a  closely  related  fact.  His  eldest 
daughter  up  to  the  age  of  two  yearshad  not  walked  a  step,  or  even 
tried  to  walk,  when  one  day  he  put  her  down  in  the  standing  pOHition, 
and  to  hiH  great  surprise  us  well  uk  to  that  of  the  nurse,  she  walked 
frtim  one  i^ide  of  the  room  totheother.  TJiis  also  was  an  untaught 
act,  as  there  bad  bi'cn  no  previous  trialij  and  failures  (see  p.  502). 
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coDcemed  ia  Speech  mftj,  umAbw  eerUin  cimni- 
I,  be  At  once  called  into  play,  indrpeadentlj  o^  pi^ 

IQS  trials  SDil  Eailnres — just  as  tbe  pcttoq»  marlwHiM 
coneenied  with  tbe  act  of  Boddag  may  be  called  into  play 
rfn  the  fanmau  infant  at  tbe  time  of  bisthy  on  the  pteMS- 
laticD  of  its  pruper  stimnlm.  No  so^  nal— ght  acta  ol 
zh  would  bon-ever  be  posaibie,  oideai  ilevelopaani  had 
takinfr  place  in  tbe  Donnal  mmBaer^  and  nalaai  Um 
Auditory  Sense  and  Intelligeoce  were  nnaJeded.  Tbe 
manifestation  of  attempts  at  Speecb  ara  ■bjumijI  in  tfab 
ease  to  bare  been  merely  retarded  by  flooie  digfai  and 
qnaai-aeeide&tal  conditions,  sncb  as  are  oeeasunaUy  epeta- 
tire  in  childhood — especially  in  thoee  who  aofllBr  frooi 
epileptic  or  other  coDVulsions. 

Witboat  an  instance  of  this  sort  coming  almost  onder 
one's  own  cognizance,  neither  tbe  writer  nor  any  one  tbm 
might  bare  been  inclined  to  bestow  much  ctedenee  nftm 
two  Tery  similar  cases,  tbe  moordB  of  which  hare  cdom 
down  to  as  from  writers  of  antiqofty.* 

The  sou  of  CrcBsns  who,  according  to  Herodoias.f  had 
never  been  known  to  speak,  and  whose  care  bad  been  in 
Tain  attempted,  was,  at  tbe  siege  of  Sardis,  99  oreicoaw 
with  astonishment  and  tt^rror  at  seeing  the  king — hia 
father — in  danger  of  Wmg  killed  by  a  Persian  8ol£err 
that  he  exclaimed  aload — Ati6pmv€  /i^  xruyt  ^poiaop — 
'*  Oh,  man,  do  not  kill  CrcBsos !  ^      This  was  the  first  time 


*  The  real  import  of  these  latter  eaaes  does  not  se«m  to  bafa 
been  apprehmdetl.  either  by  tbo««  origioatlj  recordioj^  tbca  or  by 
a  modern  writer  who  bas  latelj  irfemd  to  tben  (BatemaR,  **  On, 
A|»ha«ia,'*  p.  139).    It  need  scarceir  be  pointed  oat  that  tbe 
bf^nninf^  to  f>peak  for  tbe  fimt  time  withoat  previoiM 
triaU  and  Uilures,  it  m  matler  T«atly  tnmaoeikdiog  ia  ii 
ytke  sodden  resttmption  v(  Speei^  when  H  baa  ben  for  a 
ia  enapeqncvee  of  BnriB-rlTwi 
nerod^**  Hwt.  L  Si 
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be  had  ever  articulated,  tliouj^h  he  is  said  thereafter  to  have 
retained  the  faculty  of  Speech  as  long  as  he  lived.  Again, 
it  appoars  that  AuIuh  Gellius,*  nflor  reppatin^^  the  above 
story  from  Herodotus,  relates  a  similar  fact  in  the  following 
tenns: — ''  Sed  et  qnispiam  Samiua  athleta,  nomen  illi  fuit 
AiyX;;*.  qumn  antea  non  h)qnen8  fuissct,  ob  similem  dicitnr 
cauKam  loqui  ccepisse.  Nam  qaum  in  sacro  certamine 
Bortitio  inter  ipsos  et  adversarios  non  bona  iide  fieret,  et 
Roi-tem  nominis  falsam  euhjici  animadvortisset,  repeute 
in  eum,  qui  id  faciebat,  sese  vidcre,  quid  faceret,  magnum 
inclamavit.  Atqne  in  oris  vinculo  solutus,  per  omne  inde 
Tttfc  tempns,  non  turbid5  ncqne  adhtest^  locutus  est/' 

The  powers  of  Reading  and  of  AVriting  are  accom- 
plishmeiitH  nupi^raddud  Uj  that  of  Articulate  Speech, 

The  child  has  already  learned  to  associate  certain  ob- 
jects, or  puriioular  states  of  consciouuness,  with  definite 
Sounds  (or  Names)  ;  he  has  further  gained  the  power  of 
articulating  these  names  for  himself:  so  that  when  he 
begins  to  learn  to  Read,  he  grnflnftlly  hnihls  up  a  still 
further  '  association/  by  which  certain  written  or  printed 
hieroglyphics,  representing  letters  in  definite  comltina- 
tionSf  are  linked  to  the  already  known  states  of  con- 
sciousness (Perceptions,  Ideas,  &c.)  and  their  sound  repre- 
Bentatives,  The  previous  combinations  are  therefore  sup- 
plemented by  being  correlated  with  new  visual  symbols ; 
nd  it  seems  certain  that   in   the  act  of  Reading  the 

rdfl  which  are  primarily  perceived  in  the  Visual  Centre 
Would  almost  simultaneously  recall  the  corresponding 
sounds  in  the  Auditory  Centre,  aa  part  of  the  perceptive 
process  involved  in  this  oct.f     From  the  Auditory  Centre 

•  "  Noctea  Atticie,"  lib.  v.  cap.  ix. 

f  Where  iWia  cannot  occur  it  mnst  be  more  difficult  for  the 
])er»on  to  undcrHt^nd  what  is  read,  and,  as  may  be  seen  from 
trkat  follows  (p.  6-U)i  it  may  be  imposaiblc  for  him  to  read  aloud. 
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the   stimuli   inciling  to  the    articulation   of  the 
Bpomliiig  words  would   then  ]>ass  to  tbo    Motor  Contrci 
in  precisely  the  same  manner  as  in  the  case  of  ordinarj 
Speech — whatever   the   precise   course  pursued  Ly   these] 
stimuli    may    be,    and   howsoever  they   may,    on    their. 
route,    come    into    relation    with   those    portions  of    the] 
KiniBsthetic   Centres   that   are  concerned  with    Speech- 
movements. 

"  With  reference  to  the  process  of  Writing,  it  almost 
ittvuriably  happens  that  this  accomplishment  is  acquired 
ftfter  the  individual  has  been  taught  to  Speak  and  to  Hea4 
more  or  less  perfectly.  During  this  course  of  instruction 
the  pupil  learns  to  associate  the  visual  perceptions  of  the 
sepiirute  letters  of  words  with  certain  muscular  move- 
ments of  the  hands  and  fingers  necessary  to  enable  hira 
to  produce  the  written  letters  for  himself,  and  afterwards  to 
join  them  together  so  as  to  represent  words.  This  involvetj 
a  long  and  tedious  process  of  education,  and  the  mus-. 
cular  movements  which  are  ultimately  learned  are  in  all 
l»robability  more  intimately  associated  with  sight-peixep- 
tions  than  with  sound-perceptions;  thongh  of  course  tha 
W'ord  as  a  revived  sound-perception  may  be  said  to  exist 
also  during  the  act  of  Writing.  The  muscles  of  the  upper 
extremity  being  also  to  the  fullest  extent  Toluntary 
muscles,  and  therefore  very  different  from  those  concerued 
in  the  acts  of  Speech,  the  whole  process  of  learning  to 
write  is  one  which  comes  much  more  within  the  ken 
of  our  consciousness  than  does  the  otherwise  parallel 
process  of  learning  to  articulate  words,'* 

We  ought  therefore  to  have  much  more  power  of  re-' 
calling  '  in  idea  ',  either  (a)   the  •  volitional  efforts  *  that 
were  needed  to  enable  us   to  Write  words,  or   (b)   that 
'  muscular  consciousness  *  spoken  of  by  Professor   Buia 
as  representing  the  particular  states  of  tension  of  the 
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individual  muscles  cmployod,  than  wo  could  ever  expect 
to  Imve  of  the  voliiionftl  efforts  needed,  and  of  the  states 
of  tension  of  individual  mustdes  of  the  larynx  and  other 
parts  involved  in  Articulate  Speech. 

But  the  ohjectious  to  thene  two  uodilicuLluuH  of  llie 
view  promulgated  by  Hnghlings  Jackson  and  others,  that 
Words  are  revived  in  tbou^dit  aa  '  naotor  proceaseB*,  have 
been  already  considered  (pp.  594,  691)  and  shown  to  be 
insuperable.  We  found  good  reasons  for  believinp  that 
the  impressions  referred  to  (as  well  for  spoken  and  for 
written  words  as  for  all  other  muscular  movements)  arc 
neither  anterior  to,  nor  concomitants  of  'outgoing  cur- 
rents ',  but  distinctly  sequential  to  the  passage  of  such 
currents — that  thoy  are,  in  fact,  due  to  '  ingoing  cuiTents ' 
derived  from  the  moving  parts  themselves. 

Looked  at  from  this  newer  point  of  view,  we  may  first 
consider  the  question  of  the  degree  of  detiniteness  and 
recoverability  of  the  Kinesthetic  Impressions  derived  from 
Writing-movemcuts. 

How  almost  impossible  ia  any  such  recall  to  conscions- 
ness,  and  how  vague  and  blank  a  feeling  is  associated 
with  the  attempt,  as  coni]>art'd  wiili  the  recall  of  a  Visual 
or  of  an  Auditory  Impression,  any  one  may  eafcily  convince 
himself  who  will  miiko  the  following  siniplo  experiment. 
Let  him  close  his  eyes,  and  with  pen  iu  himd  make  move- 
ments in  the  air  as  though  he  were  writing  the  word 
'  London.*  He  may  thus  assure  himself  that  he  has  a 
Bet  of  seuKatiuna  accompanying  these  movements.  After 
an  interval,  say  the  next  day,  let  him  again  close  hia  eyes, 
and,  without  making  any  movement,  attempt  to  recall  'in 
idea'  the  muscular  and  other  sensations  he  previously 
experienced  when  writing  the  above-mentioned  word.  Let 
him  then  contrast  his  comparative  powerlessness  in  this 
UirectioUj  with  his  ability  to  recall  in  idea  the  visual  ap- 
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pcamnco  of  this  word  when  written  or  its  correspom 
sound. 

From  this  stand-point  wo  may,  in  the  second  pi 
look  to  the  rclutlve  defiuiteuess  and  recorer&bilitj  of 
Kiuffisthetic  Impressions  consequent  upon  Speech-movi 
ments.     We  may  find  then,  that  the  Impressions  whit 
accompany  actual  Speech-movements  for  did'ereot  word 
can  only  vaguely  he  realized  as  distinct  from  one  another, 
and  that  they  are  certainly  far  less  distinctive  than 
KiniBsthetic  Impressions  derived  from  the  acts  involvt 
in  Writing   different  words.     Tbe  general  mle,  that  tl 
vagacr  the  Sensation  the  lower  is  its  degree  of  rccoverahili 
in   Idea,  certainly  holds  good  here  also — as  any  one  mi 
discover  who  will  make  the  necessary  comparative  trials. 

Thus,  shght  as  may  he  the  power  of  rcc-alling  tl 
Kinresthetic  Impressions  derived  from  Writiag,  the  abilil 
to  recall  those  occasioned  by  Speech  is  even  less.  Hi 
thftt  there  should  be  such  a  difference  is  no  other  Umu 
njight  liave  boon  expected,  since  a  precisely  similar  dif- 
ference obtains  in  regard  to  impressions  from  '  automatic  ' 
movements  generally  as  compared  with  those  of  a  more 
*  voluntarj''  order. 
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OuB  powers  of  Perception  or  Apprehension,  of  Thinking 
r  Keusouing,  of  Speaking,  Naming,  Writing — even  of 
ressing  Thoughts  by  Gestures  or  the  simplest  Signs- 
are  all  (lepcudeut  upon  cerebral  proceBses  very  complexly 
interrelated,  as  may  have  been  gathered  from  what  has 
already  been  said.  Much  attention  has  of  lato  years  been 
given  by  physicians  and  pathologists  to  the  investigation 
of  disturbances  of  the  normal  relations  existing  between 
these  several  processes,  brought  about  by  limited  lesions 
or  injuries  of  diJlereut  poiliona  of  the  Brain.  An  analysis 
of  some  of  the  typical  conditions  thus  revealed  will  throw 
more  light  than  could  otherwise  bo  done  upon  the  manner 
in  which  Cerebro-mental  processes  are  correlated  with  one 
another.  It  will  «erve  to  convey  some  faint  outline  of  the 
mode  in  which  the  higher  processes  of  Sensory  Apprehen- 
sion, Thuught,  and  Intellectual  Expression  (and  conse- 
quently of  *  Volition  ')  are  dependent  upon  one  another, 
and  also  of  the  mode  in  which  these  processes  are  related 
to  the  activity  of  some  imperfectly  defined  areas  in  the 
cortex  of  the  Cerebral  Hemispheres. 

What  is  now  to  be  set  forth  by  means  of  illustrations 
selected  from  some  of  the  abnormal  mental  conditions 
produced  by  Cerebral  Disease,  whilst  it  will  suflSce  to  test 
and  illustrate  the  accuracy  of  the  views  expounded  in  the 
last  chapter,  may  also  be  regarded  as  the  continuation 
of  what  has  been  said  in  Chapters  xxiv.  and  xxv.  Wo 
27 
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there  sought,  with  the  light  aflforded  by  experiments  npoi 
lower  iiiiimuls  supplemented  by  clinical  and  puthulogit 
inveslifpition,  to  trace  'ingoing*  impressions  from  th( 
seatfl  of  oiiginatiou  to  certain  portions  of  the  Cerebi 
Cortex :  the  regions  whence  Volitional  and  other  *  oai 
(j;oiug  *  stimuli  from  the  Cerebral  Cortex  were  given  oi 
were  also  indicated — so  far  as  they  are  at  present  kno^vn. 
Oar  object  now  will  be  to  throw  some  little  light  upoi 
the  extremely  complex  processes  which  have  been  supei 
added,  or  that  have  grown  ont  of,  the  processes  imi 
iliftlely  excited  in  the  Cerebral  Cortex  by  the  incidence 
ingoing  impressions — and  as  a  resnlt  of  which  ontgoii 
stimuli  pass  over  to  motor  contrca,  for  the  performance 
Voluntary  Acts  and  for  Intellectual  Expression  generally^ 

We  shall  make  a  faint  attempt,  tlierefore,  to  begin 
unravel  the  order  of  the  incalculably  complex  intertnedii 
processes  taking  place  in  the  highest  nei-ve  ciintre 
the  highest  animal  between  the  incidence  of  *  ingoing] 
and  the  exit  of  '  outgoing  *  currents.  Such  actions  are 
be  regarded  as  elaborations  of  one  median  part  or  stage 
the  typical  *  rL-tlrx  process/  as  it  occurs  in  lower  organisi 
or  in  the  lower  nerve  centres  of  higher  •rgunisms. 

Any   attempt    Lo   gauge   and  understand   the   Menl 
processes  of  lower  animals  was  found  to   be  neeessani 
dependent  upou   the  study  of  their  Actions  under  pt 
ticular  conditions.     Similarly,  our  attempts  to  gauge  aoj 
understand    the    Thuught-processea   of    our   fellnw-mei 
must  rest  ultimntfly  upon  a  study  of  their  Actions,  or 
tlic    results   of    their   actions,    as    embodied   in    8| 
Writing,  or  other  proilucts  of  the  movements  which  thi 
have  evoked  for  purposes  of  Intellectual  Expression.    In 
place  of  the  mere  emotional  signs   and   gestures  of  ]aw< 
animals,   the   accumulated    results    of    the    movement 
employed   in  Speech   and  Writing  for  generation   ■fler 
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gcoerntion,  have  boon  aviiilahle  in  the  case  of  man  for 
the  building  up  of  that  ^reat  departmeut  of  human 
kuowlcdge  known  ns  Olvjective  Pajchology. 

Our  alius  now,  however,  are  diflert'iit  from  what  thoy 
were  in  the  curlier  cliapters,  when  considering  the  inenlul 
rocessea  of  lower  animals.  We  were  then  principally 
concerned  with  the  endeavour  to  ascertain  ftomething  as 
to  the  nature  of  these  mental  processes,  in  order  to 
am  whether,  or  to  what  extent,  they  were  similar  to 
those  of  Man.  It  was  necessary  to  ascertain,  in  fact, 
whether  the  general  similarity  in  structure  of  their  Ner- 
ous  System,  carried  with  it  a  general  uimilarity  in  mode 
of  action.  But  now  we  are  not  concerittd  so  mnch  with 
the  estimation  of  the  nature  and  extent  of  Man's  mental 
*)Owera,  as  with  (n)  the  nature  and  order  of  the  pnxiessea 
involved  in  Thouj^ht  and  luteUoctual  Expression  ;  and 
{b)  with  the  endcavuur  to  refer  some  of  thcKO  processes  to 
the  activity  of  definite  parts  of  the  Brain.  These,  in  fact, 
are  tlie  final  queHtlons  needing  consideration,  in  order  to 

mplete  our  necessarily  imperfect  sketch  of  what  is  at 
sent  known  concerning  'the  Brain  as  an  organ  of  Mind,' 

In  the  first  of  these  analytical  studies  we  have  briefly 
to  consider  some  of  the  more  typical  of  the  various  defects 

Perception,  Verbal  Memory,  Thought,  and  Intellectual 
Expression  (either  by  Speech  or  Writin^O,  whieli  have 
been  observed  as  results  of  disease  or  injury  in  dill'erent 
parts  of  the  Cerebral  Hemispheres. 

^»  The  great  importance  of  the  due  activity  of  Iho 
Auditory  and  Visual  Preceptive  Centres,  and  the  absolute 
dependence  of  the  great  bulk  of  our  intellectual  percep- 
tions, of  our  memory  of  words,  and  of  our  powers  of 
thonght,  as  well  as  of  intellectual  expression,  upon  the 
functional  integrity  and  proper  inter-actiou  of  these  parts 
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may  Lave  been  gathered  by  the  reader  as  probabilities  frol 
■what  has  already  been  said  (see  also  p.  637,  footnotftj 
These  conclusions  will  now,  however,  bo  confirmed 
illustrations  drawn  from  the  histories  of  certain  careful 
selected  examples  of  Biain-disease. 

It  must  continually  be  borne  in  mind  by  those  wj 
stndy  these  examples,  that  each  Pcroeptive  Centre 
cupable  of  beinf;  called  into  activity  in  three  modes  :- 
(1)  By  means  of  external  Imprussions ;  (2)  by  *  Assocu 
tion ' — that  is,  by  impulses  communicated  from  another 
Centre,  during  some  act  of  Perception  or  durin<f  some 
Thought-pmcess  ;  and  (3)  by  '  Voluntary  '  recall  of 
impressions,  as  iti  an  act  of  Recollection.* 

The  excitability  of  the  Centres— that  is,  the  moll 
mobility  of  their  constituent  tissue-elements,  mtiy 
much  with  age,  state  of  health,  or  different  morbid  condi- 
tions. Their  mobility  may  be  so  much  lowered^  tliat  they 
are  only  capable  of  responding  to  powerful  stimuli ;  so  that 
whilst  '  Volitional '  recall  or  KecoUection  may  be  impos- 
sible or  dithcult  within  their  province,  they  may  still  be 
capable  of  acting  in  *  Association  *  with  other  centres 
(that  is  in  an  automatic  manner  daring  an  ordinary  pro- 
cess of  Thought),  and  still  more  easily  under  the  'sensoi 
stimulus  or  external  impression  which  is  the  forerunner 
a  Perceptive-process.  At  other  times,  the  excitability 
Perceptive  C-entres  may  be  unduly  extdted,  bo  as  to  lei 
to  hallucinations,  illusions,  and  a  wholly  difleront  class 
defects  often  met  with  among  Insane  persons,  but  which 
will  not  here  be  considered. 

Again,  the  Auditory  Word-Centres,  the  Visnal  Woi 
Centres,  and  the  double  Kinicsthciic  Word-Centj%8  (vh 

*  Those  second  and  third  modes  of  activity  arc  probably  cIomI/ 
related  to  one  another,  though  we  have  no  definite  koowledg*  coft- 
ceming  the  procesBes  involved  in  the  lutter 


Cn»p.  XXIX.l 


8PEKCH    AND    TliOUCnT. 


G17 


those  in  relation  with  the  movcnionts  for  Speech  and  for 
Writing)  arie,  of  course,  only  parts,  thou*rh  probably  dis- 
tinct and  extensive  parts  of  the  respective  cerebral  ('cntrea 
for  Audition,  Vision,  and  Kintesthesis  generally,  llcnce 
spoken  words  may  not  be  comprehended  though  other 
sounds  arc ;  and  again,  written  or  printed  signs  may  not  be 
understood,  though  ordinary  objects  may  be  easily  recog- 
nized through  sight-impressions. 

(Jonceming  the  precise  functional  relations  of  thd 
Kiniesthetic  Word-Centres  with  the  corresponding  parts 
of  the  Visual  and  Auditory  Centres  nothing  is  at  present 
Itnown — the  writer,  however,  believes  that  they  play  little 
or  no  part  in  Thought.  One  section  of  them  is  probably 
called  into  activity  princi])a]ly  at  the  instigation  of  stimuli 
emanating  from  the  Auditory  Centre  for  the  bringing 
about  of  Articulate  Speech,  whilst  the  other  sectiou  is 
probably  called  into  activity  principally  at  the  instigation 
of  stimuli  issuing  from  the  Visual  Centre  preliminary  to 
tlie  production  of  the  movements  concerned  in  Writing. 

From  ibis  point  of  view  the  Kintcsthetic  Centres  would 
be  concerned  more  with  the  expresHion  of  Thought  than 
with  the  Thinking-process :  their  activity  would  only  be 
roused  as  Thought  is  about  to  translate  itself  into  Action. 
Thus,  they  may,  perhaps,  form  the  last  outpusts  on  the 
side  of  '  ingoing  *  currents,  and  bo  at  the  same  time  tlio 
starting-points  for  '  outgoing  *  currents.  This  view  is  quite 
harmonious  with  the  fact  that  the  processes  taking  place 
therein  are  almost  as  devoid  of  conscious  accompaniment, 
and  almost  as  irrecoverable  in  idea,  as  are  the  molecular 
processes  occurring  in  the  Motor  Centres  upon  which  the 
initial  *  outgoing  '  currents  act. 

An  attentive  study  of  the  mental  defects  resulting  from 
Cerebral  Disease  will,  we  think,  be  found  to  yield  results 
i Qoite  in  accordance  with  the  views  abovo  expressed. 

L 
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The  principal  defects  wliicL  the  followiag  cases 
destined  lo  iUustrato,  niny  with  ndvantArro  be  first  tahi 
latcdi  so  as  to  show  their  luutual  rulations  both  as  Meul 
and  as  Neurological  Processes. 


I.    DKFIXTS   OP   Vr.UtlAr.   VKMOKT,   THAT    lit    l)F.rr(TS    IIT    THE     kSSKtCl 
TlOXft   UP   lUKAl.    Tlll?ir.S   OR   Of   CONXEPTI'iNS    WITH    lUCAL   WOfttO. 

A.  Amnesia  Verbale. 
{a.  Parnlylic  Variety ;  h.  lnoo5rdiiiate  Variety.) 

1.  DimhntifKd  ExciUihiUttj  '/  thp.  Amfitottf  Word-C^Uret. 

2.  Dt'fvcHot^  AcHitn  in  thr  VUtuU  \\'onl-('futres. 

3.  Dtim*uf€  to  Vifiial  WoM-0'^utrei  and  of  Aff'frent  Fihrr§  to  Andi 

iortj  C^iitff.M  ;  tofjrilu'r  talth  ret'taiH  dt/rrtti  pt'tttlMcing  /» 
nttliiiatf  Amnesia. 
4^  D'uruujc  io  0»mat>U»HreB  hiitioeen  Aiiditot-y  and  Vitunl  ITmi 
Cirntittg, 

II.  OKPKCTH  IN  THE  ASSOCJATION  Of  IDEAL  WOftDB  WITH  VKJUJ 
MOVKHEKTa  POH  SPKKCU  AVD  WK1TIN6,  OR  POt  EITUKK  OF  TUI 
ftlNGLT. 

B.  Aphasia. 

5.  Dtimnfff  to  fir$l  parU  nf  onttjuiii-g  trnckv  UaJtnfj  /rOm  C* 

iV^ofd'Cvntrcf  to  Ir/i  Cori>uB  Striatum, 

C.  Agraphia. 

6.  Dam^uje  to  first  partv  of  Qu.itjoing  tracks  Undlmj  from  tfm 

Yim<d  Word 'Centre, 

D.  Aphemia, 

r,  VamfUjt  (a)  tofimt  p'lrt4  of  oithjottttj  trfwk  trading  from  IJW 
Anditunj  ]yord- Centra,  or  (b)  to  go/H<*  lote^r  parU  <^ 
Bftfnc  track,  or  (c)  to  the  acttiol  Mvtor  CciUrfvfvr  Artu 
tio}k. 
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A.  Amnesu  Vbub.vle.* 


y      In  tlie  acquirement  of  Spcccli  there  gradually  arises,  as 
we  L:ivc  seen,  an  *  asaociation '   between   the  impressions 

■produced  by  external  objects,  us  yfeU.  as  between  tho 
cerebral  processes  involved  in  ideas  and  other  mental 
states  on  tho  one  side,  and  the  actual  or  revived  sounds 
or  sights  of  certain  Words  on  tho  other.  A  similarly 
close  *  association  *  also  springs  up  between  these  latter 

(processes  tiikin^  place  in  the  Auditory  and  Visual  Per- 
ceptive Centres,  and  other  processes  in  Motor  Centres 
cansalive  of  Articuhitory  Movements  for  the  production  of 
Sounds  corresponding  to  the  Names  of  the  objects  or  mental 
states  thouf^ht  of.  Thus  in  the  process  of  Thinking,  so 
long  as  the  brain  acts  in  a  healthy  manner,  Words  becomo 
nascent  in  consciousness  primarily,  and  perhaps  princi- 
pally, as  revived  Auditory  Impressions.  These  revived 
impressions,  either  without  or  with  voluntary  efforts  (that 
^ftJB,  by  Ideo-Motor  or  by  Voluntary  Action)  bring  about,  in 
^"  a  manner  the  details  of  which  are  extremely  obscure, 
those  multiple  combinations  of  muscular  action  necessary 
for  the  Articulation  of  the  corresponding  Words.  If  this 
primary  men]orial  association  between  the  impressions 
produced  by  things  and  their  names,  or  between  the  ideas 
of  things  and  other  mental  states  and  their  corresponding 
words,  prove  defective  (so  that  the  one  does  not  follow  the 


I 


The  views  expressed  in  this  Chapter  were  contained  in  erabryo 
in  a  paper  (pnUiahcd  in  18ri9,  in  the  "Brit,  and  For  Med.  Chir. 
Koview '■}  eniitled,  "On  the  Various  Formn  of  Loss  of  S|>eech  in 
Cerebral  Diaeauo."  The  preHont  Chapter  was  writtca  in  the 
autnuiu  ot"  1878,  and  therefore  coiitaius  no  reforence  to  recent 
o^mmtinicutionH.     The  author  has  since  read  Knsjtmanra  elahorate 

CZieniHHvn'B  "  OycIopiDdiu."  vol.   xiv.)  where  tnuny  of  the 
:pre8scf)  iu  his  earlier  papers  are  endorBcd. 
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isuBedutdti) 


the  deigree 

dimmation  in  the  pover  of  Speakiog,  uA  a  hiB^nnce, 
tiioagfa  to  a  less  exiemiy  in  iha  fuii.M  of  Tfcmfcwtg 

Two  kinds  of  ddieetiDB  TetlMl  Meaorr  nqmn  lo  be 
distiagoislied.*  One  of  tbem  is  dependrnt  upon  a  diwum- 
idud  attivity  in  one  or  other  of  the  pnu  of  t^ 
eoneemed  with  the  Teihal  ■HWiriaiiiim  ftbove 
Sach  diminvtioii  m«j  aaooat  to  a  mofe  or  b 

of  aetioB  or  paial^nnay  hmee  this  raricty  «mj  be 
Pma^tie  AmTiraim  The  other  kind  of  ddod  is 
related  to  an  irregular  or  perverted  artiri^  of  the  parts 
in  qoestioo.  Thej  act,  hot  tbej  act  vrooglT.  It  is  not 
thai  words  cannot  be  xeriredf  bat  nUher  that  wvottg  wotds 
are  reriredi  jnst  ts  an  *ataxie'  man  peodnees  vtob^ 
mcfcments  of  his  limba.  This  seeond  varietf  aar,  theie- 
five,  Mj  eooac^  be  distingnsbed  as  Incogidlnato  Am- 
nesia. Thoag^  the  two  copditioas  mar  exisi  aeparstel^, 
thej  are  often  eombtned  in  different  proportiaim* 


«.  Paralytic  Amnpaia 

Undor  this  head  nar  be  incloded  a 
fdlness  and  rwfiitnon  abost  proper  Names  aad  Koans, 
with  power  of  leeotcrj  after  a  time ;  or  tham  may  ba  a 
and  habttnal  far^iifidDBm  of  }^mea  of 
or  phwi,  with  attamplB  to  remedy  ttie 
Ibrgetfolnesa  by  em^oyin^  a  pcr^hzaais  in  place  of  the 
Noon,  which  cannot  be  recalled. 

IXiliBrBnt  degteea  and  special  raiieties  of  thia  kind 
defect  are  reooided  in  the  feUowing  aeetions, 

♦  U 


to  McMOffy  gcamUf ,  mm 
mmjf  to  faaad  ia  a  Biai^r  hj  tW  Uu  D^  1  aj  raa>, 
Xcd.  JnLT  Apa,  1874. 


CnAJ>.  XXIX.] 


SPEFXIl    AND   TnOfGUT. 


G21 


], — Dimiuiahed    Exntahility    of    the    Auditory    Word* 

C  nitres » 

Accortling  to  the  degree  in  ^vhich  the  proper  Titality 
of  Uie  Aailitory  Word-Centres  la  affected,  we  may  find 
OTidcnce  that  they  ccaso  to  respond,  first  to  •  volitional ' 
incitations,  secondly  to  those  coming  to  tliem  hy  way  of 
'association/  and  lastly  to  *  sensory*  impressions  coming 
from  without. 

A  good  example  of  nn  ordinary  case  of  Amnesia  is 
thus  refitrred  to  by  Trousseau  in  bis  "  Lectures,"  iu  which 
the  'volitional'  and  '  associational  *  recall  of  names  was 
impos8il>Ie,  though  their  *  seuaory'  recall  was  preserved. 

*•  The  patient  does  not  apouk,  because  he  doca  not  rcmeiuber  the 
words  which  express  iileus.  Yoa  recollect  the  expC'rimcnt  whiuli  I 
ofrni  repeated  at  Murcoii's  betl-eliie.*  I  pluced  Itis  nightcap  on  his 
be<l.  aod  asked  him  what  it  was.  But  after  lookiiif^  at  it  atteii- 
tivelj  he  could  not  say  what  iL  was  callinl.  and  excluimed,  *  And 
yet  £  know  well  what  it  ih,  but  I  cannot  recollect.*  When  told 
that  it  woa  a  nightcap,  he  replied.  '  Oh  I  yes,  it  is  a  nightcap/ 
The  Hanie  scene  wiis  rfpeated  when  various  other  objects  were 
shown  to  hitn.  i^omc  things,  however,  be  named  well,  such  as  his 
pi|>e.  He  wus,  as  yovi  know,  a  navvy;  and,  therefore,  worked 
chiefly  with  the  Hhovel  and  the  pickaxe,  so  that  these  are  objects 
the  names  of  which  a  navvy  should  not  forget-  But  Marcou  could 
never  tell  us  what  L^jols  he  worked  with,  and  afU-T  ho  had  Ijeea 
vainly  trying  to  remember,  vthen  I  told  him  it  was  with  the  shovel 
and  the  pickaxe, '  Oh  I  yes,  it  is,'  he  would  reply,  and  two  minulca 
afterwards  he  waH  as  incapable  of  naming  them  as  before." 

In  the  slighter  forms  of  Amnesia  the  efforts  at  Recol- 
lection of  a  person  who  is  *'  at  a  loss  for  n  word  "  tend 
ulso  to  cull  the  Visual  Word-Centres  into  an  incipient  or 

*  Tlio  earlier  condition  of  this  znan  will  hcreaOer  be  referred  to 
(p.  627),  as  at  that  time  he  manifested  a  distinct  tendency  to 
'  echc '  words. 
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ahottm 


tlioa^  he  qttoAM  ihm  cam  mentj  •»  "^  % 

gentel  degree  of  IbeeomBen  dtftrtef 

in  the  diifoee  ef  eU  ege,  ia  wUdi  the 

aad  UnDgs  sre  firsqiicDtl/  forgoiUB,  efrfcowyJb  lAe«r  cfti4ttii[f 

ATT  receHeeiedJ^ 


M 


^m 


fifty  jWB  aCfK  ksj  ssflntd  fraa  »  panHlie 

■sieflK  ws  •aoBMOBC  but  ■  pMBDn  ■■■■Baa  oi 
mwmtw^  mm  fmd/tr  afl  pmU  ^ wfttA  marfi  w  iUti 
sUyvvprMMM;  tWkttcr  W  cmU  »o(  at  aB 

■cHCs  vas  aooBBpaaira  cr  tii«'  nonvmc 

bis  lie  aftXtf  of  kavray  rattn  oa  ■ i|il  a  Wl  «f 

W  «a.  la  tfo  kdbil  uf  nKaff  ftr  ar 

laa  prapci'  wudcs  qs  ■■ 
■n  them  W  ana9s«d  ■Ipfcafcitii  ifly 
rfJctiowT;  vlucb  W  aaed  aa  IbHow*  :^ — if  ka  w^WJ  ta 
tfciagaboatacD^,WfeieW  coM^gatrfthaaeatcaeaWf  laaJta 


tkv  leitar  C,  wd  loobd  oat  £br  Um  word '  cow/  aad  fccfii  Im 
Cf  a  fixed  «■  ih»  vwd  aata  ka  l«4  fiaiakid  tlw 
<fcc  ward 'caar  *«■«»• 
kad  A^  «f«>a^  afM  CW 

d  yaaaad  aa«  y  kfa  aMMvy  aad  floaU  aot  la 
fta  wniWiflid  Ot  mmImI^  aad  eaaU  fv^ir  ib  «*l 


of  t^  first  letser  alcMoT 


— I«fcf 


In  regard  to  tins 


Kane  or  Word,  tlie  fbDoariag 


froB  Cbvid  Haftley 


tt  Doi  vithoot  intervsi.     He  said.*  vhOst  ilfantrmiii);^  kn 

"Wbm  a  Tmriety 


eelektaled  doctrine  of  '  Assoctatkii 


a  » 


ObacTTaliaM  oa  lUa."  X7l«l  Fnfk  a«  Car. 


vn. 
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of  ideas  are  associntod  together,  the  visible  idea,  being 
more  glaring  and  distinct  than  the  rest,  performs  the 
office  of  a  symbol  to  all  the  rest,  suggests  them  and 
conuects  them  together.  In  this  it  somewhat  resembles 
the  first  letter  of  a  word,  or  first  word  of  a  sentence, 
which  arcr  often  ninde  use  of  to  bring  all  the  rest  to 
mind/'  The  fact,  moreover,  tlint  in  these  cases — when 
we  cannot  'get  out*  a  |mrtic'uhir  word^wo  often  soem  to 
Icnow  something  of  its  length,  and  can  say  that  it  cousisis 
of  about  80  many  letters,  also  seems  to  testify  to  an 
abortive  or  incipient  revival  of  the  Word  in  the  Visual 
Centre. 

The  fact  that  this  partial  Visuul  rovivul  is  not  asso- 
ciated with  full  consciousness  of  the  word  and  does  not 
enable  it  to  be  Written,  is  one  of  considorulile  significance, 
because  it  sccmti  to  show  how  ull-niipoitmit,  in  the  majority 
of  cases,  is  the  primar}'  revival  in  the  Auditory  Centres,  not 
only  for  the  accomplishment  of  Speech  but  also  for  that  of 
Writing;  and,  further,  that  the  more  special  Intellectual 
or  Emotional  Mechanisms,  oflcn  cannot  immcdiatoly  rouse 
the  Visnal  Word-Centres  for  the  execution  of  Writing 
Movements,  these  being  probably  called  into  play,  in 
AVriting  spontaneously  as  well  as  in  Writing  from  dicta- 
tion, for  the  most  part  through  the  intermediation  of  the 
Auditory  Woid-Centres. 

A  remarkable  kind  of  defect,  of  an  exceptional  order 
and  very  dlffirnlt  of  explanation,  has  been  recorded  by 
»,Dr.  Hertz,  who  says  ('•  Psycholog.  Mag./*  vol.  viii.) :  — 

^^  •*  Tn  AnguHt,  1785,  I  wns  called  to  an  officer  of  artillt-ry,  a  mun 
^  nbont  forty  yvan  oM,  who,  as  I  was  iufuraied,  woh  bcizvI  witli  a 
^BjMiUy-  ....  X  found  him  00  much  recovered  ai  to  have  the  roni- 
^K  pleld  nae  of  his  feet;  bis  hands  also  were  stronger,  but  in  regard  to 
I  Ilia  Bpecrch  tlio  following  very  rcmnrkuhle  circumstance  was  to  Iw* 
^^  observed:  he  icas  able  to  articnJatc  distinetiy  any  ifjonh  which 
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either  oecnrrrd  to  him.  apoutfinfonttlij,  or  ichen  they  iccrp  thjtcltf 
iuadhj  repvatt'd  to  him.  He  streoiioaslj  eierted  himeolf  to  vpeal 
but  an  an  intelligible  kini.1  of  tnurniiir  was  all  that  conM  )>e  h^aK 
The  cfiort  he  mode  was  violent,  and  terminated  in  a  deep  sigh.  ( 
the  other  haud, /h^  cnvhl  rvad  alovd  ^rith  fariUty  If  a  book 
any  written  paper  were  held  before  hia  e^'es,  bo  road  ao  qaickly 
and  distinctly  that  it  was  iiMpofialble  to  observe  thnt  thfre  woj  the 
8lijiht««t  fault  in  hia  organs  of  speech.  But  if  the  booV  or  pap 
woro  withdran^i  he  wna  then  totally  iiicapal'le  of  pronouncing  oi 
of  the  word:*  whii'h  he  hud  read  the  instant  before.  I  tried  tbi 
experiment  with  him  repeatedly,  not  only  iq  the  prcaence  of  bi 
wife,  bot  of  many  other  people:  the  effect  was  uuiforotly  t1 
iame." 

Here  it  would  appear  that  Words  could  not  properly  b« 
revived  in  tbe  Auditory  Ceutres  by  '  volitional'  incitations, 
and,  consequently,  that  'outgoing*  stimuli  could  not  b< 
made  to  pass  over  from  them  to  the  motor  centres  coi 
cerned  in  Speech.  His  difficulty  in  repeating  won 
(implying  sluggishness  of  response  of  the  Auditory  AVord- 
Centre  to  direct  '  sensory*  impressions)  mukea  this  caso 
liard  to  understand.  The  view  that  the  molecular  mohilit] 
of  this  Centre  itself  was  lowered,  or  that  its  emissive  fibn 
were  damaged,  is  not  in  accord  with  the  fact  tliat  it  ai 
peared  still  to  respond  well  to  strong  impulses  coming 
it  from  the  Visual  Centre.  And  evidence  willsabeequenlli 
be  given,  tending  to  show  that  in  'reading  aloud'  th4 
Auditory  Word-Centre  is  called  into  play,  so  that  it 
then  acts  as  in  ordinal^  Speech  (p.  641).  But  there  mayj 
be  exceptions  to  this  rule.  Both  this  case  and  the 
which  follows  would  bo  more  explical)le  if  we  might  au] 
pose  that  motor  incitations  could,  in  some  well  practis* 
persons,  pass  over,  in  Reading,  from  the  Visual  Word^ 
Centre  to  the  portions  of  the  Kinnpsthetic  Word-Cenli 
in  association  with  Speech-movements*  without  prevional 
passing  through  the  Auditory  Word-Centre.  By  aualo| 
it    would   86em    quite    possible    that    this     may    occoTp 
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jnst  as  the  initially-guiding  Visual  Sense  may  after  a  time 
bo  dispensed  with  in  the  execution  of  ordinary  movcmenta 
(p.  556). 

The  next  case*  is  rather  more  complicnlcd,  but  it  afforda 
clearer  eridonco  of  a  fjreat  diminution  in  the  excitability 
of  the  Auditory  Word-Centre. 

Dr.  Hnn,  of  Albany,  mentions  the  caae  ol  a  bliicl-^niith,  ret.  S.*!, 
who,  before  the  present  attack,  could  reud  and  write  with  facility. 
He  had  been  labouring  for  Beveral  years  under  disease  of  the 
heart.  Afler  a  long  walk  iu  the  hud  he  waa  seized  one  ereaiog 
with  Hymiitoms  ot  cerebral  congestion,  and  remained  in  a  stute  of 
etnpor  for  several  days.  On  recovering  from  thia  condition  be 
nnderhtood  what  was  said,  but  it  was  observed  that  ho  had  ^reat 
ditficnlty  in  exprefising  hiniBelf  in  words,  and  for  the  moat  |>a]*t 
CJtdd  only  make  his  want*  known  by  si^'ns.  There  was  no  pura- 
lysis  of  the  tonjjuo.  which  he  could  move  in  all  directions.  H'*  kneto 
tlie  mranirnj  of  worth  gpohtin  btj'ore  him,  hut  could  not  rt'cnll  thos^ 
nrcded  to  exjjrais  himacfj,  nor  ciyuld  he  repeat  words  vihc^i  he  ht-artl 
Ihein  pronounced ;  he  was  coujjcioua  of  the  dilBcnlty  under  which 
he  was  lnlx>urinjr.  iind  seemed  surprised  and  distressed  at  it.  If 
Dr.  Hnn  pronounced  the  word  he  needed,  he  seemed  pleaHud,  and 
would  wiy,  "  Yes,  thitt  ia  it,"  but  waa  unable  to  repent  the  words 
after  him.  Atter  fruitless  attempts  to  repeat  a  word,  Dr.  Hun 
wTot«  it  for  him,  and  then  be  would  begin  to  spell  it  letter  by  letter, 
and  after  a  (vvr  tnult!  was  able  to  pronouuco  it;  if  the  writing  were 
now  tuken  from  him  he  could  no  longer  pronounce  the  word;  but 
after  a  lung  study  of  the  written  word,  and  frequent  repetition,  bo 
would  learn  it  so  as  to  retain  it,  and  afterwards  use  it.  He  kept  a 
■bite,  on  which  the  words  he  required  most  were  wnttcn,  and  to 
this  he  referred  when  he  wished  to  express  himself.  He  gradually 
learned  these  words  and  extended  liis  vocabulary,  so  that  after  a 
time  he  was  able  to  dispense  with  his  slate.  S'J  cvnhl  read  tohrahlif 
iwll  from  a  printed  hookt  but  heeitated  about  tome  xcorda.  When 
ho  wot  ttnuhU  to  pronounce  a  icord  lie  \oa$  aUo  unnhh  to  write  ii 
till  Im  had  teen  it  writtin;  and  then  he  could  learn  to  write  as  he 
learned  to  pronounce,  by  repeated  trials.  At  the  end  of  six  months 
by  continually  learning  new  words,  he  could  make  himself  under- 

•  American  "  Jrul  of  Insanity,"  Ap.  1851 ;  and  given,  as  here, 
in  abstract  by  Dr.  Batcman  in  "  Jrnl.  of  Ment  Sc,"  Ap.  1868. 
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■iood  pretty  well,  oHen,  however,  employin(j  circqmlocutktn 
be  ooalJ  not  recall  the  proper  word,  somewhat  ai  if  he  were 
ing  a  forei^  language  imjierfectly  leametl." 

*  Tbe  fact  that  Words  could  not  bo  articnlated  which] 
hud  Just  been  proiiounc<>d  before  Lim,  though  such  Words 
were  really  heard  and  understood,  seenifl  to  point  to  & 
Tory  low  degree  of  activity  of  the  Auditory  Word-Centre, 
The  patient's  ability  to  read  aloud,  however,  as  in  the  ]ts\ 
ctkGOf  nppearB  to  make  it  prubalde  that  this  act  inav  be  per- 
formed, as  previously  explained,  without  necessarily  iuvolT-| 
inp  the  activity  of  the  Auditory  Word-Centres.     Tho  fuel 
that  this  person  had  a  difficulty  not  only  in  pronouncinffj 
certain  words  from  Bi<;[ht,  but  in  writing  them,  scorned  toj 
point  to  the  existence  of  some  small  amount  of  functional 
impairment  in  tho  Visual  Woi*d-Centre. 

In  this  relation  it  may  bo  mentioucd  that  in  difierenl 
kinds  of  Cerebral  Disease  it  sometimes  happens  that  the 
patients*  Speech  is  entirely  Umitcd  to  a  mere  imitative, 
repetition  of  words  Kp(»ken  in  their  bearing,  whilst  they 
arc  without  the  power  of  volanteering  any  statement — i^ 
their  Auditory  Word-Centres  respond  only  to  direct  'sen* 
fiory '  incitations,  and  not  at  all  to  those  of  the  '  assucia- 
tiouar  or  'volitional*  types.  In  these  cases,  other  caui 
of  general  mental  impairment  almost  invariably  co-exist. 

A  defect  of  this  tind  (occurring  ia  a  woman  who  waa  heiiiiplegi* 
from  cerebral  ha-'morrhage)  haa  been  recorJed  by  Professor  Bi^hicr. 
She  was  bom  in  Italy,  and  had  resided  both  iu  Spain  and  Franoe; 
of  tho  three  languages  she  had  thus  acquired  she  had  corapleleb 
forgotten  tho  Italian  and  Spanish,  aud  hod  only  retained  a  ino«ft^ 
limited  use  of  French.     In  this  latter  htngnuge  th*?  onlij  rrprvUfd 
likr  an  echo  the  words  pronounced  in  herpro^^nce,  williout,  how. 
ever,  attaching  any  meitning  to  them.     Hut  in  tlie  case  of  a  womnn 
Boen  at  the  SalptHrifre  by  Bateman  the  niimetio  i4*ndenor  wiu 
much  fftronger.     She  even  reprodoccd  foreign  words  with  which^ 
•  "Gaz.  dcs  HApitaux,"  May  16.  1867. 
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ifae  had  never  beou  famiHar.     "  la  the  worda  that  ehe  thus  cchocii, 
r  ariicDlation  vas  diatinct,  althoiij^h  the  foreign  phrn^cB  were  not 

iteilio  quite  BO  iutelligible  a  manner  as  the  French Just 

were  leavinjj  her  bedside,  a  putient  in  an  adjoinin);  bed 
roughed:  the  cough  was  instantty  imitated  bjr  tbis  buniaa  parrot  I 
In  fact,  tbis  sinjjnlur  old  woman  repeated  everything  that  wua 
said  to  her,  whetber  in  an  int4»rrogalive  form  or  not;  and  Hho 
imitated  every  act  that  wus  done  before  her,  and  that  with  tbo 
moat  extraordinary  exactitude."  In  other  caaes  there  ia  a  teiidency 
to  dwell  npon  and  repeat  some  one  word  or  phrase  that  has  been 
littered  in  reply  to  a  tirst  qncntion,  as  an  answer  to  thnae  which 
follow — till  at  last  «onietbinK  new  may  lie  said  which  is  rei>eated  in 
the  Knme  way.  A  ^ood  instunec  of  thin  may  bo  quoted  from 
Trou^^sedii.  In  a  man  aufforing  from  left  hcnii}>legia,  hia  usual 
•' stock  of  words  waa  restricted  to  these  two,  'My  faith!*;  and 
when  be  was  pre«8ed  hard,  he  looked  impatient,  and  uttered  the 

oath, '  Crc  notii  d'un  Cojnr! ' I  asked  him  what  bin  name 

waa.  and  hia  occupation;  he  looked  at  nje  and  answen'd  :  'My 
faith!*  ....  I  iHsiMled,  but  in  spite  of  his  efforts,  he  only  shook 
his  bend  with  an  impatient  gesture,  exclaiming :  'Cre  nom  d'un 
CcDiir/  As  I  wiahed  to  tind  out  how  many  wortls  he  had  at  com- 
mand, 1  said  to  him:  *  Are  yon  from  the  naute-LoiroP '  Ho 
repeated  like  an  echo,  *  Haute- Loire ! '  '  What's  your  name?* — 
*  Uaule-Loire,'  *  Yuur  prufL-saion  ?  ' — '  Haute- Loire.*  '  Bat  your 
name  in  MarcouP' — '  Yes.  sir*  'You  are  sure  it  is  MiiroouP* — 
•Yes.*  'What  department  do  you  come  from?'— '  Marcon.* 
•No;  that's  your  name.'  But  with  an  impatient  gesture,  be  ex- 
sluimedi  *  Cre  uom  d'un  Ctuur.*  '** 


2. — Dcferlive  Action  in  the  Visual  Word- Centres, 


I 

^H  No  very  distinct  illustrntion  of  tbis  defect  has  been 
^inet  with,  but  one  which  is  in  some  respects  the  converse 
of  those  recordeil  by  Drs.  HcrtK  aiitl  Hun  hua  been  re- 
lated by  Dr.  Ilugbliiigs  Jackaon.'f'     lu  tbis  exnmplo  the 

♦  The  Bome  kind  of  tendency  to  repeat  the  last  impret^xion  mado 

Inn  the  Viauul  Centre  ia  chown  by  other  patients,  when  Writing 
(•ee  Tronsseau's  '•  Lecttiros,"  Eng.  Trans.,  Pt.  T.  p.  228). 
i  t  "Brit.  Med.  Journ./'  1806. 
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power  of  Writing  and  of  Si>elUng  was  very  moch  impaired, 
whilst  that  of  Speech  was  ftfTected  only  to  a  mure  trifling 
extent. 

The  man  bad  *'  perforrae<l  the  daties  of  an  important  goveramral 
ofBrc, reqairing  g:ood  education  nnd  inteIHgrnr«/'  and  he  had  h>rn 
snVijifct  to  a  wries  of  epilcptironn  attuckm  at  first  principallj 
involving  the  U*fl  side  of  the  bodj,  hut  then,  uflrr  an  inlfTTnl, 
affectiu^  the  right  side  iustead.  Tbe  defects  in  the  patient'i 
7K}wer  of  intellectual  expre«sioa  ahont  to  be  noted  occnrred  ooly 
aft^r  tho  second  Beriee  of  fits.  Dr.  Jackaon  saya.  **  After  thnte 
attacks,  tbe  patient  could  talk,  hut  h^  mnde  iiiistaVes  in  talking.'*' 
A  few  weeVsafterwardH.ho  met  tbispatient  in  the  street,  and  Bays. — 
"  lie  wai  then,  to  8Uf>eT6cia!  appearnnce.  aa  well  a«  erer.  J  0^ 
ltd  that  he  ppnke  qnitt*  arc?/,  and  this  ihrowjhoid  rathrr  a  tang 
'eOHvenation.  The  |>atient  suid,  however,  that  he  was  oOen  at 
losa  for  a  word;  and  biu  father  told  mo  that  his  son  frequently 
made  nii»takea  in  naujeii."  His  greatest  trouble  was  in  vritiug-^ 
be  had  no  difficnlty  about  the  mere  penmanAhip,  thi«  was  excell«rnt. 
'*  His  trouble  was  that  he  could  not  readily  find  the  proper  wordN» 
and  those  he  wrote  he  often  spelled  incorrectly.*'  He  was  able  to 
copy  a  paragraph  from  a  printed  book  well,  making  only  one  or 
two  trivial  errors;  but  in  attempting  to  write  from  dictatiun,  ho 
made  very  muL'h  worse  mistakes  in  spelliug  than  occur  in  a  cor- 
rected letter  which  Dr.  Jackson  has  reproduced.  "When  attked  to 
Bpi'U  words,  bo  also  suooeeded  very  badly ;  and  though  he  eonld 
rtfteai  perfectly  ee«i  th«  mo$t  difficult  tentences,  whtn  Art  aiitmptrd 
to  read  aloud  he  could  not  succeed  at  all,  jrron&uncin^  almoH  every 
vord  0/  tico  or  more  §yllahl^»  icronyly. 

Here,  again,  as  in  tho  case  recorded  by  Br.  Ilnn  (p.  Q2S)^ 
the  ability  to  read  nloud  was  commensnrate  rather  with 
the  power  of  writing  than  with  that  of  sj>eakiug.  Both 
nmding  aloud  and  writing  necessarily  require  the  integrity 
of  the  Visual  Centre,  and  that  this  was  more  impaired 
than  the  Auditory  Centre  seems  clearly  indicated  hy  tha 
fact  recorded  above,  that  the  patient  conld  repeat  even 
the  most  diillcult  sentences  correctly — an  operation  in 
which  the  Auditory  Word-Centres  are  called  into  play,  bat 
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not  Ibe  Visual — whilst  ho  couM  n(»t  read  aloud  the  Bitnplest 
pasHogo  without  milking  many  mist-akos.  It  will  b^  iute- 
restiug  Huhscqucntly  to*  comparo  thcso  cahos  with  thoao 
that  will  be  given  under  the  head  of  Agraphia  (p.  6i>7). 
especiidly  the  otiier  case  rocordod  hy  Dr.  JuckHun,  which 
might  perhaps  with  equal  propriety  be  placed  here. 


S, — Daviage  to  Vistud  Word-Centre,  and  of  Afferent 
FibreB  to  AmUtovy  Ct-ntreft ;  io/jcthcr  with  certain  defects 
profhtciftff  luc.oiirdinate  Amm'sift.* 

A  case  of  great  interest  belonging  to  this  category  has 
been  fully  recorded  by  Dr.  Banks,!  but  is  given  here  only 
in  abstract.  The  power  of  apprehending  what  waa  spoken 
by  others  was  entirely  lost,  and  the  patient's  ability  to 
comprehend  written  or  printed  characters  was  almost 
lost.  His  powers  of  expression  by  Speech  and  AVriting 
were  corresponding!)'  dcftMrtivp.  Ho  seemed  to  have  lost 
all  knowledge  of  the  proper  use  of  Words,  and  was  nnablo 
to  express  himself  in  an  intelligible  manner. 

A  geiitluman,  aged  ubnut  sevcatj-Eve,  afl«r  having  walked  a 
ooDaidcTablu  difttancc  on  the  2Slh  of  )(urch,  18<>-(,  sat  down  to 
dinner,  and  pioi^eoded  with  his  meal  tia  UHual.  After  a  time  it  wua 
obBurv«d  that  8omo  of  the  water  be  waa  drinkiny  fltiwed  from  his 
SDoulh.  He  put  down  the  gtusfl, calling  at  the  same  time  in  aloud 
and  excited  voice  for  hi:*  wife  and  the  servant  who  was  in  the  babit 
of  waiting  upon  him,  althongh  they  were  both  present.  The  patient 
was  ia  a  very  uliort  time  seen  by  Dr  Kidd,  who  found  him  silting 
ou  the  Rofri,  looking  puzzled  bat  evidently  conscious),  culling  out 
loudly  at  intervals  for  the  servant  and  others,  bnt  not  taking  the 
slightest  notice  of  anything  which  was  said  to  him.     The  excite- 

*  The  eonsiderolion  of  the  nature  of  the  defects  indncing  this 
latter  condition,  will  be  belter  deferred  till  some  etamplea  of  the 
condition  itjelf  have  been  given. 

t  "DubUa  Quart.  JrnL  of  Med.  Scienc^"  Feb.  1«65,  p.  78. 
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ment  under  which  h«  luWurcnt  aftoi   u   time  passed  awuv*     Hd 
endearourtfj  to  spetik,  but  unintelligibly.     Ho  walked  upbtuirs  tiu> 
asaisted,  wound  up  his  wutch.  went  to  bed,  and  sle|>t  wril.     TUl 
following  niorning  it  was  dtHCOvercd  that  he  waa  completely  deaf,  i\ 
Vauie.Bt  twi^fa  not  hclntj  pt'rceioed.  HU  sight  set^mcd good, and 
tru9  no  motifrparalyitif  of  any  kind,     lu  tii*eukiiig  heus^  wroti| 
words,  BO  ott  to  be  utterly  uninti'lligible.     Dr.  Bauks  says, "  be 
tainly  recti^nixed  nie,  and  was  glad  to  .«ee  me,  but  miHuanied  me; 
saying  some'^Titng,  but  uiiing  wonla  withont  nieuuiog.      IIV  fMi</r 
toured  to  cummmticttU*  with  him  by  writiuif,  bat  ii  tca^  evidnU  th 
A«  did  n<ft  Hudi^ntiind  it.     *  Have  you  puin  ?  '  was  written^  aud 
looked  at  it  and  »aid,  '  Good,  good  Uod;'  appearing  to  read  wht 
wua  written."     He  attempt^  to  write  letters  frequently,  and 
address  was  written  two  or   throe  tmies  at  the  head  of  the  shi 
ot"  paper,  some  of  tlie  wonis  1>oing  iinp*»rfocl.     '  My  dear  Sir/  wi 
written  correctly.     Tht  nhftl  tvittt  jUh-d  iciih  tcritiwj,  but  no  iroi 
c.rctipt  *  irtj'e'  teas  letjihU^  the  reH  btituj  uttt  rhj  int*aniHtjle$$  ;  $ot 
lettiirrs  were  correctly  fvnnMn  but  no  loonU  nutil  tfui  c»d^  where  A 
ttnmfi  wan  AUftird  with  a  ntradij  htiud  and  iii   hi$   uttnal   mnntu 
Ho  varied,  however,  in  bis  power  of  writing  at  differeut  linie- 
occasiunatly  when  wisbeil  to  sign  his  name,  be  could  not  be  indu( 
to  do  so,  and  "only  scribbled  some  unintelligible  words."     Jt  irt 
iinitonsible  to  gvt  him  to  utnienitaml  auijthiufj ;  aud  his  mv 
could  only  be  guessed  at  by  his  gestures,  and  by  the  very  fei 
words  at  his  command,  which  were  almol^t  alwayo  misapplied. 

At  the  bof^inning  of  April  a  remittance  was  due  from  hia  agent 
and  each  morning  he  was  much  excited,  asking  frequently  fc 
something.  At  length  it  occurred  to  one  of  the  family  to  shoi 
him  his  agent's  letter,  which  seemed  to  please  him ;  but  he  was  m 
quite  satisfied  till  the  mrmoy  was  brought  and  counted  before  him. 
Some  bhillings  were  not  shown  to  him  at  first,  but  when  he  saw 
them  he  apjwared  to  know  all  was  riifht,  and,  on  the  mouey  bcinj 
handed  to  his  wife,  he  seemed  content.  His  feelings  of  affc 
tion  for  his  wife  seemed  to  be  intensified ;  bnt  there  was  soi 
amount  of  emotional  weakness. 

He  occnsionally  for  a  time  made  use  of  some  one  word,  applying 
it  in  the  most  varied  ways.     Wishing  to  inform   Dr.  Kidd  that 
lioimunt  which  he  had  been  uaiug  was  nearly  finishvd,  he  baJi 
pointing  to  the  bottle.  "Bring  the  cord."     On  another  i^ccasioi 
s[>cakiDg  of    pills    ho  had    U*cn  taking,  he   said   he    had  takf 
**potatoea'*     Very  frequently  thera  was  some  similarity  in 
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word  used  to  the  ri^ht  one;  or  it  could  be  discerned  that  thero  waa 
some  asBociutina  with  the  idea  he  wishud  to  convey;  fur  example, 
giving  his  waistcoat  to  be  put  nts'tdo,  tlie  watch  being  in  hia  pocket* 
he  said — "  Take  care  of  the  brt'ak-fiiU."  Ue  BPcm(?d  conscious  of 
hJH  deufnefls,  and  Bonielimt^B  tip<jku  of  it.  One  ddy  he  Kaid  he  could 
Deilhor  hear  nor  rend — "  Otdij  a  liitl*\  could  romi  the  voids,  hiit 
eould  iioi  lake  in  Die  mettnlug"  Every  morning,  notwithstanding, 
he  8]>eDt  some  time  as  if  busily  engaged  reading  the  Bible  and  the 
ncwtfjMipera.  This  waa,  doubtless,  from  the  mere  Force  of  habit ; 
for  on  testing  him,  /*e  rcxd  after  a  fashioti,  hut  ike  worda  were 
Hiieotineetcd  and  meaniwjUimtt  and  had  not  ev^m  the  irUiat  remote 
connection  ir(7/»  thtt  tcjct.  His  powers,  both  of  speaking  and  writ- 
ing, were  subject  to  Tariulion  at  ditfc-rfnt  t(me».  (Lithographs  of 
two  h'ttors  are  given  by  Dr.  Banky  which,  though  made  op  of 
prnptrly  wrilttn  wonls,  are  almost  unintelligible  )  Occasionally 
it  was  difficult  to  manage  him;  as,  if  he  wished  to  go  soniewhen*. 
and  it  was  found  impossible  to  comprehend  his  wishes,  he  became 
very  much  excited.  lie  continued  in  much  the  same  condition 
till  the  7th  of  October,  wheu  he  had  a  distinct  apoplectic  seiinre, 
and  became  completely  hemiplegic  on  the  right  side  of  the  body. 
He  lived  only  a  week  alter  the  onset  of  this  more  severe 
attack. 


The  great  tnentnl  defects  io  this  case  were  unassociated 
with  purulyuiu.  Tbe  Visual  Ceatre  was  evidently  much 
damaged,  since  tlio  patient  could  not  understand  printed 
or  written  characters  and  could  only  write  in  an  unintel- 
ligible manner.  This  same  conclusion  is  strengthened  by 
the  fact  tliat  ho  read  so  Ladly — even  worse  than  bo  spoke. 
Ilia  amnesic  defects  of  speech,  of  tbe  incoordinate  typo, 
were  probably  due  to  some  lack  of  harmony  between  the 
hij^ber  lutellectmil  and  tbe  Auditory  Centres,  but  this 
subject  will  presently  bo  considered  more  at  length.  His 
total  dejifiiess,  coupled  with  bis  ability  to  articulate  fairly 
well,  seemed  incompatible  with  tbe  existence  of  a  grwvo 
lesion  of  tbe  Auditory  Centre  itself.  Tbe  fact,  how- 
ever, of  tbe  existence  of  this  complete  deafness  is  an 
exceptional  featuro,  difficult  to  explain  on  the  otherwise 
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probable   supposition    that    originally  only  oue   seat  of 
disease  oxisUjd  in  tlie  Cerebnil  Cortex.     If  ordinary  rij;ht- 
Bided  dcafuesH  Lad  existed  anterior  to  the  date  of  tbiaj 
patient's  sudden  cerebral  disease,  bis  symptoma  mi^bt  bej 
explained   by  oue  lesion  of  or  near  the  Curtex  of  the  lol 
Heinispbere,  seriously  damaging  the  afferent  fibres  going^ 
to  the  Auditory  Centre,  as  well  as  seriously  deranging  the 
functional  activity  of  the  corresponding  Visual  CfUlre. 

Dr.  Broudbent*  has  recorded  a  clinical  history  in  niony 
respects  couipurablc  with  the  foregoing. 

A  painter,  cet.  42.  had  been  subject  to  gout,  and  also  to  epilept 
form  uttackd,  for  aeverul  ycara.     Duriug  the  night  of  October 
3871,  while  I^ing  on  the  li^'ht  side,  he  auddeol^  put  ont  the  \vi 
arm  and  U-guii  tojubbcr — biH  right  unu  being  quite  u»tel«st(.    Thifr^j 
were  un  convulsiuuB.  and  no  loss  of  conaciousnesH.     He  naa  foam 
by  Dr.  Felce,  whu  wub  cuUi-dto  him,  completely  heniiplcgic  uud  will 
greatly  impaired  8t>nsiliility  of  hia  right  side,  teejting  up  a  nieiin* 
inglcss  gabble,  in  which  m-aouuds  wure  predumiouut,  and  ehuw- 
iiig  the  paralyzed  arm.     The  attack  waa  followed  by  much  c»  rebi 
excitement,  Hhuuting  and  violence.      He  soon  regained   [lowtr  ii 
the  right  limbs,  but  the  sjicech  wiui  aa  imperffct  us  ever,  and  h* 
was  UDiible  to  write  or  copy.     Hia  genenil  health  became  much.] 
deranged,  and  finally  gangrene  of  the  Icit  fool  came  on.     It  waa' 
soon  atler  this,  on   Dec.  14,  that  be  was  first  seen  by  Dr.  Brood-^ 
bent,  who  says; — *'  He  received  us  with  a  profusion  of  b«>w«  ait^J 
smiles,  with  gesturea  espreasive  of  wuloume    ....     His  8i>eec1 
waa  a  mere  jabber,  in  which  'Ma'  and*  Mum' were  promiornl 
and  wttB  nccnmpauiod  with  an  exceaa  of  gesticulation,  smites,  audi 
fucial  cxpresaion.     The  pestnres  wore  very  atriking,  and  apparenttjri 
ajtpropriiite  when  we  hud  a  key  to  their  meaning   ....    It' 
WHS  Htaled  that  be  said  *  Ves '  or  *  No.'  ^nd  *  Oh.  my  '  at  limes ; 
but  he  did  not  use  even  these  simple  worda  before  n%.     He  wna. 
uuublc  to  write  his  own  name  when  his  signature  was  before  bitn. 
When  urged  to  do  so,  he  ecnhhlrd  off  rajtidly  something  in  ifhicl 
htteis  of  »om*i  »vrt  wtne  dinHiujuUhaOle  at  firvt^htU  Ihvn  lailiag  nj 
into  a  aeratcl." 

"He  obviovslydid  iwi  und^fTglandanijthing  tJial  teas  said  to  Kim  i 

•  "Medico-Chimg.  Transact..  1872,"  p.  170. 
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not  sqneeze  my  bund  on  repented  roqneat»,  but  went  oa  shak* 

it  aud  suiiliag  ;  put  out  hb  tuiiKUO  repeultslly  when  told  to  clottD 

eyep,  but  instantly  imitated  the  act  iifter  Pr.  Feloe.     It  wat 

htful  how  fur  Jm  rvcoynhud  the  siaic  of  his  sftccck;  He  went  (/n 

ottering  (U  if  he  thonfjht  he  was  wi-.lergttfOil,  bnl  he  al!<o  mads 

gna  ....  He  runiained  in  muoh  the  same  utate  till  hia  death, 

aliont  Christtnaa;  once  Btartliiiff  8om«  friends  in  conversational 

Ilia  bcdMde  by  exclainiinf(  '  Exactly  '  at  a  very  appropriate  moment, 

t  Dot  otherwise  regaiuiog  speech.*' 


In  tbis  case,  whilst  the  damage  to  the  left  Visual  Word- 
Centre  was  probiibly  even   greuter  than  that  recorded  by 
Dr.  Ijanks,  the  left  Auditory  Word-Centre  seems  to  have 
Hfceen  equally  damaged,  as  was  shown  by  the  paticut  being 
^■Onable  to  artiiMikte  <lisiinct  words,   combined  witli    his 
^fceeming  inability  to  understand  spokea  languu<re.*     lu 
^Bnother  case,  recorded  by  Dr.  Broadbent,  there  was  tho 
game  inability  to  unilerstand  what  was  said,  although  this 
patient  was  accustomod  to  speak  not  in  more  inarticulate 
gibberish,  but  in  distinct  though  irrelevant  words.t    Here, 
however,  it  is  said  that  after  the  fit  by  which  the  lady*B  ill- 
ness was  initiated,  **  her  natumlly  cheerful  expressioa  was 
ischangod  for  a  dull  stolid  look,  aud  she  took  no  notice 
[of  anything."      There  was  evidently  a  condition  of  par- 
ial   dementia ;  but   in    a    case   veiy  briefly  recorded  by 
'ronssean,  in  which  there  was  a  similar  irrelevant  use 
>of    words    whose    meaning     was    not    realized    by    the 
>eaker,  the  patient  is  said  to  have  beeu  in  other  respects 

*  As  tbo  right  Hemiaphere  was  open  for  the  reception  of  aaditory 

dona,  it  seems  strange  that  Speech  should  not  have  been 

)rehended  botter  iu  this  case.     Correct  and  incorrect  auditory 

inapreaeiouH.  tiitnultuneously  impin^ng  on  the  two   eides  of  tbo 

train,  mii^ht.  huwcver,  produce  so  much  mental  coufu»ion  as  to 

prevent  the  corre<:t  impression  bi-ing  realised. 

f  A  similar  inability  to  uudcratand  what  was  said  by  himself 
occnrred  iu  a  patient,  whose  case  is  reten^  to  by  Winblyw  ("  Ob- 
Bcure  Diseasca  of  the  Brain,"  Srd.  Kd.,  p.  328). 
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ration&l  in  her  actions.     She  rose  with  an  Aif  of  IdtidiiMB^ 

to  receive  a  visitor,  and  pointiog  to  an  ann-dkair»  amid, 
"  Cocboo,  aDimal,  fichne  bete!"  wliiJst  her  soa-in-liw, 
who  was  present,  and  knew  what  she  really  meaot.  said, 
'Madame  vons  invite  a  voqb  asseoir'' — Oib  lady  aJl  the 
time  seeming  qaite  nuconscioos  of  the  iosahing 
aions  she  bad  Qsed« 


b.   Incoordinate  AmnesiA. 

The  eases  detailed  in  the  foregoing  section  are 
tinctly  illastnitive  of  the  '  incoordinate*  defects  of  Verbal 
Iblcmorr,  that  we  are  now  natnrallj  led  on  to  a  oonsiJers- 
tion  of  the  mode  in  which  these  defects  are  to  be  expUined. 
Sach  a  wrong  nue  of  Words  as  was  eDCOOStercd  in  the 
case  recorded  hj  Dr.  Banks,  is  to  be  met  with  in  Toy 
Tarions  degrees,  and  constitutes,  in  fact,  one  of  the  most 
common  defects  of  Speech  from  cerebral  diseaae,  flome- 
times  showing  itself  more  especiAllv  in  Articnlate  $p«iecbt 
sometimes  more  in  Writing — or,  in  other  cases,  the  poi 
of  Expression  maj  he  nearly  eqaoOj  bad  in  both. 

Patients  are  mostly  aware  when  thev  make  nse  of 
words  in  eitlier  of  these  modes  of  expressing  tbemseWea, 
thoQgh  this  is  by  no  means  always  the 


hny»*  alludes  to  an  instaiioe  wfaem  the  pcwm  was 
in  the  habit  of  noDg  one  word  for  another  witbont  beiaf 
•ciuni  of  hia  mtstalEea.  One  daj  1m  proaovaead  the  word 
*janiin.*  visbiog  to  any  *  lit,*  repeated  it  aererml  timra.  Bad  aftar^ 
wardt  fell  into  a  rioUnt  paaaioo  becaoae  his  orders  wvre  not  eoos- 
prehended.  HewastbeninaiSeto  vrit^tliewotd  bevi&bed  to  make 
Tue  of,  and  tbe  ai^iti  of  the  proper  irritt«ii  ^vbob  aooa  eosriaeed 
him  that  the  word  which  he  had  acloaBy  uttered  was  aoi  tbt  om 
he  had  intended  to  utter. 


Sy^  ^crrtrnxT  ISSS.  p^  39& 
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Elsewhere*  the  writer  hns  given  a  very  good  specimen 

a  letter  writton  by  ft  well-edncatrd  Amnesic  patient, 
full  of  mistakes^  and  in  somo  places  even  unintclligihle, 
yet,  judging  from  the  lack  of  erasures,  these  mistakes 
were  apparently  not  observed  by  the  patient  himself. 

The  range  of  these  incoordinate  defects  of  Verbal 
Memory  is  very  various,  both  as  to  frequency  of  occnr- 
rcnce  and  as  to  extent.  It  may  be  that  a  wrong  word  is 
only  occasionally  ust-d  in  Spoech  or  Writing,  or  such  errors 
may  be  much  more  frequent  and  more  extensive.  It  may 
be  so  extensive  as  to  make  the  person's  Speecli  or  Writing 
wholly  irrelevant,  and  even  quite  incomprehensible — ^o^vi^lg 
to  the  utterly  confused  collocation  of  actual  words. 

Wiublow  haH  recorded  un  instance  of  this  cxtrcmo 
form  of  amnesic  Speech,  occurring  in  a  gentleman  who 
had  partially  recovered  from  an  apoplectic  attack. 

"  He  oould  BjKMk,  but  wliiit  be  said,  without  a  key  to  its  inter- 
pretation, was  quit€  nriintclligibto.  Ho  was  able  to  pronounce  words 
with  great  clvuracss,  but  they  were  sadly  misplaced  and  transposed. 
Wbuthesaid  was  written  down,  and  the  words  placed  in  their  proper 
order.  By  adopting  tins  course  his  family  were  able  clearly  to 
comprehend  his  wishes.  This  state  of  brain,  and  impairment  of 
speech,  continued,  with  Hlight  intermissions,  for  nearly  a  fort- 
night" 

The  letters  wiiliun  by  Dr.  Banks*s  patient  afTord  an 
example  of  a  similarly  extreme  defect  in  intellectual 
expression  by  Writing.  Though  mude  up  of  properly 
■written  words,  the  mode  of  collocation  of  the  latter  was 
Buch  as  to  convey  no  intelligible  propositions. 

The  explanation  of  the  'paralytic'  defects  of  Verbal 
Memory  is  a  problem  presenting  no  particular  difficulties  ; 
but  the  same  cannot  be  said  in  regard  to  these  '  iuco- 
iirdinate  *  affections.     There  is  an  obvious  reason,  Low- 


•  '*  Paralysis  from  Brain  Disease,"  1875,  p.  189, 


636 


THE  CEREBRAL  RKLAIIONS  OF 


ever,  why  both  the  kinds  of  Speech-defect  should  be  most 
fre(|uently  met  with  iu  rrjjard  to  Namea  of  persons,  placed^ 
and  things.  In  the  sHgbter  cases,  it  is  only  these 
altogether  special  '  aasociatioos  *  which  either  caonot  be-' 
recalled  at  all,  or  which  are  misapplied.  It  is  rarer  to 
find  such  defects  extending  to  substantives  generally  and 
to  otber  parts  of  speech.  As  Broadbent  truly  obserres*' 
**  Words  other  than  names,  such  as  adjectives,  rerbs,  etc., 
constituting  the  framework  of  a  sentence  or  proposition, 
stand  on  a  different  fooling ;  they  are  not  associated', 
with  and  tied  down  by  visual,  tactual,  and  other  percep* 
tions.  Their  use  iiupUes  a  previous  knowledge  of  words 
as  names,  and  mark  a  step  beyond  the  act  of  naming, 
.  .  .  .  Tbey  are  not  substantive  intellectual  sym- 
bols, but  intellectua]  agents,  instruments  and  products' 
of  intellect  in  action,  not  presentations  impressed  upon  it. 
It  is  with  respect  to  this  class  of  words  tbnt  it  may  be 
strictly  said  that  '  we  think  in  words,*  for  we  oflon 
think  [in  part]  in  revived  visual  impressions  not  reduced 
to  words.  The  convolutions  concerned  in  their  employ- 
ment, will  be  such  as  are  the  seat  of  the  intelloctnal 
operations,  the  superadded  convolutions.** 

Even  though  we  do  not  quite  agree  with  Broadbent,  in 
supposing  that  Intellectual  Action  and  its  Centres  can  be 
80  distinctly  separated  from  Perceptive  Action  and  ita 
Centres  ;  -f*  or,  in  regard  to  the  divisions  which  he  seeks  to 


I 


*  "Med.  Cbinirg.  Trans.."  1872.  p.  102. 

f  H.  Spencer  says  (**  Principles  of  Psychology,"  vol.  1  p.  163) 
"The  proximuto  ooniponcntaof  Mind  are  of  two  broadly  coDtradted 
Icindii — Feelings  and  the  Kelntioni  betw^^n  Feeling*.'*    But  a  cloMfi 
examination  of  what  issaidinregnrd  to  *BoIutiona*  makes  it  evid«*a' 
that  they  correspond  with  what  has  Itoen  spokon  of  geoerully  in  i! 
work  as  the  'c^nitive  side  of  Feeling.'   Thongh  H.  Spencer  nam 
two  components  of  Mind  and  describe*  them  apart,  this  is  only 
descriptive  purposes,  Hiaoe  he  bimself  adds : — *' SlrioUy  speaking 
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estitblish  between  these  modes  of  activity ;  or  with  Lis 
expluuutiuu  of  the  process  of  Nauiiiij; — still  what  ho 
says  above  is  very  suggeative  in  regard  to  possible  differ* 
ences  of  seat  in  the  orgauic  substrata  lor  Words  accord- 
ing us  they  do  or  do  not  denote  external  objects,*  It  is 
reasonable  to  suppose  that  the  latter  might  be  in  mora 
immediate  relation  with  Perceptive  Centres,  whilst  those 
of  other  parts  of  Speech  would  be  much  more  intimately 
associated  with  regions  where  Perceptive  Processes  become 
merged  into  more  complex  and  more  purely  Intellectual 
Operations. 

Roughly  speaking,  therefore,  the  inability  to  recall 
namctj,  or  the  miscalling  of  persons,  places,  or  things, 
would  be  defects  going  with  injuries  to  or  altered  states  of 
Perceptive  Centres,  and  might  exist  with  comparatively 
slight  impairiueut  of  Intellectual  Activity;  whilst,  on  tho 
other  hand,  the  extreme  firms  of  Amnesia,  in  which  wholly 
irrelevant  propositions,  or  a  mere  jumble  of  words  are 
uttered,  are  more  likely  to  be  associated  with  marked  im- 


ncitlier  a  I'Vflin;^  nor  a  Relation  ia  an  inJfjx'ndont  elenirnt  of  Con* 
sciousnese" — which  is  exactly  what  Arintotle  and  many  anccci'ding 
pliilfwophpra  have  BJvid,  in  etFt.'ct  if  not  in  actual  woniB,  in  regard  to 
fei'iing  and  Cognition  (set'  p.  1^).  The  diticrimination  of  a  Feeling 
an  sach  and  ench  neceuariljr  oomprebeDds  ita  '  roJatione  '  of  degree, 
kind,  plucc,  and  time.  And  aa  H.  Spencer  laya  (loc  cit  p.  187): 
—"  Mental  actionB,  ordinurily  bo  called,  are  nearly  uU  canied 
en  iu  ternia  of  those  tactual,  aiulitory,  and  visual  feelings,  which 
exhibit  cohe»cion  and  consequent  ability  to  integrate  in  so  crin- 
spiciiona  a  manner.  Our  inlelloetual  operations  are  indeed  moatly 
conliueil  to  the  auditory  feelings  (as  integrated  into  words),  and  the 
visuiil  feelings  (iia  integrated  into  impressions  and  ideas  of  objeota, 
their  relations,  and  their  motions)." 

*  Loc.  eit^  p.  181.  See  also  Dr.  Bristowe'g  Lectures  •'  On  the 
Patliological  Bt^lutions  of  Voice  and  Si)ecch"  ("  Brit.  Med,  Jour- 
httl,"  May  10, 1879,  p.  S'Jl),  for  a  saccioct  Blutcmeut  of  Broadbent*s 
view. 
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pairmeni  of  InieUectOAl  Pover — to  bedrpeodesit,  in 
npott  inJBZMB  or  Altered  states  of  parts  of  the  Brni 
•pcciaDj  coooeraed  with  snch  mote  of  setxritj. 

The  proeess  of  Thovigfat  seems  to  be  in  a  luiatisiii 
lad^endcot  of  the  Words  in  vhieh  the  Thooghl  is 
expteMed,  so  that  perhaps  we  '  think  in  words '  nonewhal 
leas  than  is  geneffsUj  Bvppose^  Its  partial  int 
appears  indicated  bjthe  Isci  that  «a  *i 
siona.  Thns,  aeoordin^  to  the  difctwnt  sliaAea  of 
BOBgfat  to  he  eoDTered  in  oar  ptopoaitiops,  «• 
dehherstdj  wei^  or  *  select,*  the  sohs1snti<ea,  nd|ecthet, 
aad  TSfhs,  that  we  may  deem  SM«t  eiyediant  fo  the 
cempleto  commnnicatioo  of  oar  tboaghts  to  others.  This 
aeeaa  to  ipdicattf  some  separata  puiwVywhJATbai^tes 
or  <BelatioB8*  aasooate  ihnaehea  with  WotJa  t 
which  is  perhaps  a  little  less  aatmnatic  Ihaa  that  ht 
which  estenud  objeeta,  real  or  in  *  ii 
aahea  with  Words. 

In  the'ipcoordiaatedtjftjUs* 
particakr  verhal  reistioca  or  aamciatiostt.  which  ate£a- 
torhed.  How,  we  know  DoL  The  error  maj  he  in  the  mode 
of  actiri  tr  of  the  PerrepliTe  or  Thoag^trCentres^  or  perhi^ 
in  their  ndated  Wflcd-Centraa ;  the  efiact»  in 
hein^  that 
that,  as  a  eou 
tJOBS  an  uttered. 

In  the  very  extreme  ftnna  of  this  intwiwdinstr  delefl, 
in  which  Speech  is  redoeed  to  a  mere  jsUmt  ef  mcaaiog- 
re  piofaafaly  havo  to  4»  with  odsdo  ^rsTe 
in  the  Aafitorr  Word-OeBtrea  or  in  the 
Kinamthrtic  Wonl-Centrcs.  There  axe  two  trpes  cf  each 
one  like  that  trooeded  hy  Bmadheadt^  in  which  the 
«ho  jahhera,  also  does  Ml  aadsritand  what  is 
aaid   to  him ;  and   anather  IOdb  that  of  Dr.    Oshoroe, 
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al)ont  to  be  related,  iu  which,  whilst  only  ublo  himself 
to  talk  gibberish,  the  affticteil  person  clearly  understands 
everything  that  is  said  to  hira.  These  two  tj^^pea  are 
perhaps  best  explicable  by  defects  in  the  respective  regiona 
above  indicated. 

Similarly  extreme  defects  exist  in  regard  to  Writing, 
ond  they  may  perhaps  be  similarly  explained  by  some 
defect  in   the  Visual  Word-Centre,  in   cases  where   the 
power  of  Writinjj  is  reduced  to  a  mere  menninKless  as- 
semblflge  of  letters  with  inability  to  comprehend  written 
or  printed  words  ;  whilst,  where  this  latter  disability  docs 
not  exist,  the  incoordinate  Writing  may  be  a  mere  defect 
iu  execution,  duo  to  some  derangement  of  the  Kiniesthetic 
I      Word-Centre — and  this  seems  a  possible  explanation,  in 
1      part,  of  the  case  of  the  sailor  rocordod  at  p.  6G0. 
^H    Defects  of  this  type,  so  slight  as  to  belong  to  quite  the 
F  'other  end  of  the  scale,  also  exist,  in  which  strange  mis- 
tikes  may,  habitually  or  not,  be  made  in  the  articulation 
of  some   words,  or  iu  the  mode  of  writing  them.    Dr. 
'      Winslow  mentioned  the  case  of  a  man  who,  after  an  attack 
of  paralysis,  always  trauspoaed  the  letters  of  words  in  bis 
mode  of  pronouncing  them ;  thus,  ''endeavouring  to  say 
the  word  *  flute  '  he  said  («/?c,  puc  for  '  cup,'  gum  instead 
of  '  mug.'  "      Again,  there  may  be  an  almost  invaria]»Io 
Bubstitutiuu  of  certain  letters  for  others — such  as  a  i:  for 
an/  in  every  word  which  should  have  contained  the  latter 
letter. 

Defects  in  pronunciation  and  defects  of  spelling  of  thia 
kind  are  extremely  common  with  patients  who  are  slightly 
Amnesic,  and  to  a  very  slight  extent  may  indeed  be  met 
with  occasionally  in  persons  who  are  otherwise  thoroughly 
healthy.  Such  persons  when  meaning  to  use  one  word 
actually  employ  another — being  sometimes  conscious  of 
their  error  and  sometimes  not ;  and  the  same  holds  good 
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for  their  mifitokes  in  writing — tbeso  may  be  detected 
once,  or  not  till  the  occasion  of  some  snbseqnent  perm 
of  such  writing.     Persons  who  are  liable  to   luuko  em 
mistakes  in  exprcRnion,  may  occasionally  altogether  wronj 
apprehend  some  word  which  they  bear  spoken  or  which 
thoy  see  in  writincr  or  in  print,  in  a  way  quite  EurjiriBii 
to  themselves,  when  the  mistake  is  recognized. 


4. — Dinnciije  to  CommiMitrett  hf.Uvetn  the  jimlifortt  tim 
ike  Visual  IVord-OentreB, 

On  reflection  it  will   seem   clear  that  there  must  be 
least  two  sets  of  commissures  between  the  Auditory 
the  Visual  Word-Centres ;    the  one  (a)  for  trausmitti 
stimnli  from  the  Visual  to  the  Auditory  Centres  (vuu^ 
auditory  Jihrt'/t),  as  in  the  act  of  reading  aloud,  or  nami 
at  sight ;  the  other  (b)  for  conveying  impressions  in  the 
opposite  direction,  i,e,,  from  the  Auditory  to  the  Visual 
Centre  {audtto-i^RU/ilJihrcs)^  as  in  the  act  of  writing  from 
dictation. 

IJoth    sets    of   commifisurea    may    be    simultaneously 
damaged,  and  this  seems  to  have  been  the  cause  of  the 
moat  notable  defects  met  with  in  two  of  the  writer's  own     , 
patients,  whose  coses  are  Bnbjoined.     The  fiv&t  of  thei^H 
came  under  observation  at  the  National  Hospital  for  th^^ 
Paralysed  and  Epileptic,  in  18G9,*  but  nothing  similar  was 
encountered  until  last  summer,  when  the  second  example 
was  seen.     The  writer  is  not  aware  that  any  other  8ai:h 
cases  are  on  record. 

A  middle-aged  woman  bad  an  attack  of  rifcbt  Hemipl<>^ft  wi 
pretty  complete  Apbuaia  in  tbe  early  part  of  the  year  186ti.   In 
oourse  of  »ome  months  she  imprjved  considerably,  though  abe' 
tinned  sribject  to  '  fits'  at  interrals.     After  twelve  montba  she 
able  to  walk  about  with  a  Utile  assistance,  tbongh  she  was 

•  "  PuralyHJa  from  Brain  Disease,  1875,"  p.  20L 
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tncnpa^'le  of  asing  the  riglit  hand  and  arm.  She  seemed  Ihoronghly 
to  iiiiderhtand  everything  that  wiut  said  to  her,  and  had  iu  great 
mt^annre  re^riiined  her  power  of  speaking.  I^he  could  repeat  Almost 
■ny  word  uttered  in  her  hearing,  und  this  without  hetiitation, 
though  she  rnnid  not  read  even  the  Rimplest  wordii  in  hirge  type. 
Yet  the  Hanie  woi-d»  could  be  uttered  with  ea^e  immediately  oa 
bearing  them  pronounced.  She  copied  the  tofittoik  word  *JjO»- 
doH*  /'tidif  uffU  wUk  her  lejl  hand,  but  could  w>t  writo  *  eat*  or 
'doij,''  after  m^rehj  henriwj  theifi  pronmmc-f.d^  tlujwjh  she  cmld 
upt'll  the  same  words  quiU  well.  She  could  not  even  write  the 
fimt  letter  of  either  of  rhe«e  words.  ,  .  .  .  Twelve  months 
afterwards  she  was  found  to  bo  in  much  the  same  condition. 
Could  not  read  ainud  even  inch  simple  words  as  '  and  *  and  '  for' ; 
rouUl  fioinl  out  arnj  Utters  which  were  nmned  with  the  (p'tiUcH 
caw,  h\U  could  not  hersflf  Tiarno  Ute  UUert  \chtn  they  loere  pointed 
to.  She  had  improved  in  her  power  of  walking,  and  was  also 
,able  to  talk  rather  better.     8he  could  read  a  letter  silenUy  so  oa 

understand  it,  thongh  ahe  did  not  always  seem  to  comprehend 
she  read  ia  a  newapaper  or  a  IxKjk.  Wlien  seen  again,  four 
I  afterwards,  tliin  patient  was  fonid  to  be  in  much  the  same 

iditioD. 

It  is  worthy  of  note  that  <luriug  the  early  stages  of  this 
Woman's  illness,  fihe  soemed  to  be  suffering  from  ordinary 
Aphasia  with  right-sided  paralysis ;  it  was  only  after  she 
recovered  her  power  of  Speaking  that  it  was  possible  to 
btaia  evidence  of  the  more  special  defects  above  iUus- 
ted,  which  pointed,  as  may  be  seen,  to  a  severance  of 
functional  relation  between  the  left  Auditory  and  Visual 
Word-Centres.     Thus  she  could  not  rend   aloud,  neither 

uld  she  write  from  dictation — both  of  them  being  acts 
which  require  the  <S>njoint  activity  of  these  two  Centres.* 
But  she  could  freely  articulate  words  which  she  heard, 
and   could    copy   writing   easily   with    her   left   hand — 

cause  these  were  acts,  one  of  which  called  the  .\udltory 


^wl 

Bi 

I      an 


*  KspeciiiUv  in  personB  not  very  well  educuted.  and  therefore  not 
y  thoroughly  habituated  to  llie  performance  of  these  processes,  Ex- 
^^^ptions,  however,  may  occur  to  this  rule  (see  p.  024). 


612 


THE    CEREBRAL    RELATIONS    OP 


and  the   other  the  Yinaal   Centre  into   operation  in^i 
pendenlly  of  tlie  other.     Tlie  act  of  copying  was  in  thh 
cftse  performed,  as  a  result  of  recent  practice,  ^ith   lh»i 
left  hand  ;  so  that  the  stimuli  operating  apoo  the  mot 
centres  (in  the  rif^lit  corpus  striatum)  mast  have  Immi 
diately  emanated  from  the  Visual  Centre  of  the  right  sidt 

The  details  of  the   second  case,  which  is   even    mora 
interesting,  are  fuller. 


Tho«.  A 


a  tinpliiite  worker,  forty-two  year*  of  nge. 


admitted  into  Unireraity  College  Hf>sf)ital,  March  12, 187^  Thi 
montbit  prc'vioui»ly  he  liad  become  suddenly  paralysed  in  the  rigl 
side  of  the   body,   without  conTalsion  or  loss  of  conscionincM; 
bnt  after  the  uttaclc  his  Bpeech  wa*s  found  to  be  a1mo«t  lout.    VThrii 
admitted,  he  had  become  able  to  more  his  H^ht  leg^and  arm  sli^htU ; 
though  there  was  still  some  diminution  of  senHibility  on  thin  nd9 
of  the  body.     There  waH  a  slight  amount  of  right  fuoiftl  pamly»i«. 
and  some  deviation  of  the  tongue  to  the  right.     Si'iht  and  hearii 
tccTe  rfond.      Ho  continued  to  improve  slowly,  and  on  April  '2  hU 
condition  i^  thus  described: — He  recognizeJi  common  objects,  but 
ciinnot    nume    them,    repudiates  a   false   name,    and    recogui 
the  real  one  at  once  when  he  hears  it     Can  never  remember  hi 
own  name  till  it  is  sugirefiU'd  to  him.     On  being  a«1(e«l  to  repeat 
(Andrews),  after  a  few  trials  which  vary  ench  time  he  pronouni 
it '  Anslrnthors*  or  *  Anstrews.*    Ilis  first  name  (Thnma*)  b^-ros 
come    more    readily,   and    be   can   often    attempt     this    wiihuul 
prompting.    But  either  after  it  has  been  repeated  to  him,  or  wh< 
he  says  it  sfroutaneously  he  prononncen  it '  Towvers.'  The  Icttvr  *  L' 
is  ditHciiH  fur  him  to  ntter,  sometimes  be  pronounces  it  like  a  *  D,' 
and  at  others  like  a  'Y.'     Ho  has  been  taught  to  connt,  and  can 
fiiitiy  prtmounce  the  numn-oiB  from  ont  to  twtlve;  after  twrlvo  be 
is  uncLTtain,  the  articnlation  and  order  becoming  rapidly  worse.    Hf 
is  conscious  when  he  makes  a  mistake,  but  Annot  correct  biniwll 
and  ends  in  a  hopeless  muddle.     In  rtatiiin'f/rom  a  hook  the  W( 
ff.  pronon-nc^n  have  no  rrfci/ton  io   the  printy  citlu-r  in  Itngih 
9ou7id — neither  doea  fioaecitt-  to  under$tand  tcrittcn  rftaracUtat  a* 
tctll  ft4)t  attempt  to  anawir  a  qiurtifyn  ic^ritfen  on  <i  ithUtft  though  i 
will  at  onee  endeavour  io  refipond  when  the  tame  ipi/^stion  is  put 
him  orally.     He,  however,  recOf^Hices  numt*rah  Jrom  one  to  wti 
ythcn  written,  aod  is  cousciouB  wlicu.tbey  are  uot  placed  in  regnli 
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order.  lie  cannot  name  any  coinii,  hni  seems  to  have  sonie  idea  of 
their  relative  value  He  iDdicaied  on  liia  fingera  that  sixpence  waa 
worth  six  [wnnies— not  being  aWc  from  sight  to  utter  its  name. 

On  April  16,  the  piitienthnd  two  slight  fits,  which,  judging  from 
the  symptoms,  were  apparently  dne  to  »ome  further  sli^'ht  tluniaifo 
to  the  led  side  of  thu  brain.  After  neither  of  thcso  HtH  did  hiu 
speech  seem  to  be  worse.  Ttie  second,  however,  waa  followed  by  an 
njfgravatioti  of  the  ri|^ht-flid»Hl  paratyriis,  though  there  waa  no  further 
impairment  of  sensibility.  Three  days  ftflorwards  thiH  increase  of 
paralysis  had  passi^d  off,  and  the  patient  waa  again  able  to  walk 
about  the  ward. 

Two  wecki4  afterwards,  it  was  noted  that  his  speech  was  ds  Lad  as 
ever;  ho  could  nam/*  any  numeral  written  doicn  and  pointed  ou-t  to 
him,  and  he  could  also  correctly  add  email  cohimns  of  three  or  four 
figurca;  but  he  aUo(j/'.th4^r  faiUfd  to  name  indicidHol  Utters  of  the 
aljthiiht't,  however  plain  or  large  they  mijtfht  be.  He  could  recognize 
cnmmoD  objects,  such  as  a  dog,  a  fowl,  or  a  tree,  in  an  engruving. 
and  point  out  any  oneof  them  when  usked  to  do  so.  But  he  cuuld 
not  voltniteer  tho  name  even  of  the  most  familiar  object  to  which 
he  pointed. 

May  8.— Asked  sncceesively  to  name  large,  separate,  printed 
capitals  O,  K,  and  G  from  eight,  on  each  occasion  hn  Baid  *  1\*  and 
on  D  being  pointed  to,  he  called  it  *  M ' — though  ho  repeated  the 
name  of  each  of  thene  letters  without  a  moment's  hesilatiua  afler 
hearing  it  pronounced.  Although  there  is  this  inability  to  name  let- 
ters from  sight,  the  patient  now  eeemsto  understand  simple  sentences 
written  or  printi.-d;  thus,  when  the  sentence  "Have  yon  a  wife?" 
wai4  written  on  a  slate,  it  seemed  perfectly  evident  that  ho  nnder- 
atood  the  writing.  His  condition,  however,  in  this  respect  seems  to 
vary  from  time  to  time.  In  t)to  scfiteueea,  ii^e  mcaninrj  of  which  he 
comprehendu,  }ie  t>  $iill  qnilo  unable  to  pronounce  the  individual 
words  from  aiijht,  though  after  haaring  thcmuiti^cd  he  can  articulaie 
tiynn  at  once,  more  or  Usn  dtftinctly. 

Two  days  after,  he  tras  observed  reading  something  in  the  ncws- 
puper,  and  on  being  a^ked  if  he  uuderKtuod  it  [the  report  of  a  cas« 
of  i>oijioning  in  a  police-conrt),  he  at  once  said  he  did,  and  unmia- 
tjikeably  indicated  by  hia  gestures  that  this  was  true.  With  hit 
Irfi  haud  /w  could  tirritf^  his  own  -namn  offt*r  a  copy,  hut  not 
eaHxly  without,  and  »omettmca  not  at  all  A  less  familiar  word 
hn  did  not  even  attempt  to  write  from  the  sound,  even  wften  H 
had  been  distinctly  Jujard  and  compreJ^ndcd. 
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It  wOI  be  obMTTcd  tbftt  this  p*tie«rt*K  state  cm  AprO  S 
intisfltij  difiBRBi  froB  viiai  it  Weme  tawariB  Uw 
eadof  UM]iiaoai,aftflrthet«ollx.  At  fint  be  had  b« 
pover  of  TwrnlHag  Uke  aanee  of  cssBfla  cfcytrta — he 
eoald  not  BiOBM  thMB  at  n^it.  Ndtlker  coaki  he 
Uiilj  recall  bta  oirn  Batne.  Aod  lAenf 
icg,  be  eodflaTooyed  to  repeat  vorda,  liia 

diatinrt  diJnrti  oi  the  tucoofdiData  ^f*-     I& 


attefting  to  fead  aload  fran  a  book  tiieae 
defeeU  vvre  ao  mazked,  as  to  make  vbat  ba  nrad  ^ta 
vniiitelligSde ;  Beitber  did  be  aeeoi  to  ecHBivebend  aa; 
vnttoD  Aamciera  except  sbaple  noiDeflala.  Towda 
tbe  end  of  April,  boverer.  vbOst  the  patient's  ntienoea 
had  beooma  moaa  diatioet  in  wipwating  vaida  mhaA  ha 
had  heard,  ha  eoold  not  ofcn  emit  an  noBlclE^Ue  jaigaa 
in  attempting  to  read.  At  the  aame  ttme  he  bad  beeome 
able  to  vaderataad  vhat  ha  feed,  thoo^  he  atiU  oonld  not 
name  eren  a  aingla  lattar  at  ai^bt«  turn  eoold  he  write  a 
oqgle  word  from  dietatioo — both  theae  latter 
requiring  tar  their  peribtnaBoe  the  propct 
(and  therelare  the  integrity  of  the  eanmiaaarM)  batmega 
tbe  Yisoa]  and  tbe  Aoditca?  Word-Centrea.  That  part 
the  eommiaanre  windi  eoutcjfa  ■^■"■H  fan  the  Viaaai 
tbe  Aoditoty  Wocd-eoitxea  (as  in  readiBg  alood)  aecna 
bare  been  more  extensiTelT  damaged  after  tbe  two  fita 
than  it  was  befbre.  The  lact,  bowerer,  that  he  eoold  read 
and  prtmoonee  the  naxnee  of  wiiMMjala  saggaata  the  poari- 
biiitj  that  theae  BKiee  fiuniiiar  naita  may  bava  baaa 
articolated  bj  means  of  stimnli  passing  dinel  fiecn  tbe 
Visas]  Word-Centie  to  tbe  half  of  the  Kinralhetie  Word- 
CeoLre  ccHioenied  with  Spe<ecb-MoTejikeDts  (see  p.  6:21). 

Dr.  Broadbent  baa  reoorded  an  eKtiemely  rare  and 
itiutresting  rerah  of  eerebcal  diaease,  doMfty  alUedto  tbat 
(uood  in  the  two  csaea  jnst  related.     His  ^stient,  buaaiat 
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had  not  lost  the  power  of  'volnntary'  or  of  ' association al' 
recall  in  the  Auditory  Word-Centre.  He  spoke,  in  fact, 
fluently*  and  with  only  an  occasional  hesitation  ;  though 
he  was  unable  to  write  at  will. 

The  patient>  a  gas-inspector  of  remarkable  enorgy  and  iriUUi- 
gence,  after  an  acute  cerebral  attack  had  entirely  loat  tbe  power  of 
naming  o1)ject«  at  (tiyht  and  of  reading.  He  talked  Bnently  and 
intelligently,  scarcely  ever  mode  a  mistake  in  wurdft,  hut  wha  some- 
times at  a  luBH  for  a  nHme,  eBpecially  of  a  street,  place,  or  person. 
He  nraSf  however,  qnite  unable  to  read,  or  even  to  name  a  single 
letter;  the  only  exception  being  that  he  recognized  bis  own  name, 
whether  written  or  printed ;  though  even  here  ho  did  not  know 
whether  the  Chrieitian  names  or  initials  only  were  given.  Whilst 
this  was  the  case,  he  ivrote  correctly  from  dictntitm,  itud  look  noii'4 
of  mtj  tMtrnetioyiSt  Vfhich  he  couUl  not  read  a  moment  o^enoardt,* 
He  explained  that  he  was  forgetful,  and  hi.s  wife  would  make 
them  out.  If  a  baud,  or  aa  article  of  duthing,  or  any  familiar 
object  were  shown  him,  he  was  q^aite  unable  to  name  it;  tchile  if 
tfis  nante  catiifi  up  in  cont't-rsntt'on  he  8]}oke  it  toithout  hesitation. 
Asked  the  colour  of  a  can.1,  he  could  not  giv«  it  "  la  it  blue?" 
••No."  "GretinP"  "No."  •' R^d  P "  "Well,  thafs  more  like 
it"  "Omnge?"  '*  Yes,  orange."  A  square  and  a  circle  were 
drawn,  and  he  was  asked  to  name  either.  He  could  notdoit;  but, 
when  the  circle  was  called  a  square,  he  said,  "No,  but  that  ie/' 
pointing  to  the  proper  figure. 

The  injury  of  a  single  set  of  commissural  fibres  (the 
visuo-uuditory),  with  the  addition  of  aorae  slight  defect 
ia  the  YiBual  Word-Centre,  Mould  produce  such  a 
corahination  of  symptoms  as  are  above  recorded.     We 

*  In  tbe  more  detailed  a^'count  of  this  cnse  it  is  said  he  could 
not  read  hia  own  writing  "  an  hour  later."  It  Boems  that  there  waa 
more  than  an  inability  tu  rt'ad  aluuU.  He  showed  an  inability  to 
comprehend  words  (from  defect  in  tbe  Visual  Word-Centre),  such 
as  did  not  exist  in  the  previous  ca»cs,  though  there  waa  no 
inability  to  reoogniie  the  uotnre  of  common  objecta  or  even  of 
geometrical  ligures.— "  Brit.  Med.  Jrnl.",  April  8,  1876,  p.  434,  or 
with  more  details  in  "  Med.  Chir.  Trana,"  187*2  (Case  viii.). 
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have  supposed  th&t  impressions  made  oa  lb«  V 
Centre  usually  pass  from  it  to  tlie  Auditory  Word-Con 
and  tlience  tbrough  the  Kiatestbetic  to  the  Motor  Centres 
the  Sight- impressioDR  are  to  be  named  articulatelj.  Bat  if 
merely  this  set  of  commissural  fibres  were  duuifl<^e4,  the 
individual  would  be  left  with  his  Sight  intact,  and  with 
his  ordinary  powers  of  Speech  intact — ^be  would  simply  b« 
unablo  to  read  or  to  name  from  sight,  bccaaso  of  the  bl 
between  the  Visual  and  the  Auditory  Centrea.  In 
particular  case,  however,  the  block  seems  to  have  bee 
only  partial,  since  the  man  could  still  write  from  dictation 
— a  process  usaally  nccesKitating  the  passage  of  stimuli 
from  the  Auditory  to  the  Visual  AVord-Centres,  Wfore  tha 
excitation  of  those  parts  of  the  Kiua*slhetic  Word-Centrei 
concerned  with  Writing-movements  and  whence  issue  tbe 
appropriate  outgoing  stimuli. 

Still  it  is  possible  that  both  the  sets  of  commisaara] 
fibres  may  have  been  destroyed,  and  that  in  this  case  of  a 
better  educated  man,  his  more  familiar  Writing-movements 
may  have  been  evoked  by  the  passage  of  stimuli  direct  from 
the  Auditory  to  the  Kinscsthetic  Word-Centre—rather  than 
by  way  of  the  Visual  Centre  (see  p.  644). 

Dr.  Broadbent  interprets  this  case  quite  differently.  Hi 
opinion,  however,  as  to  the  separate  existence  of  a  singl 
*  naming  centre '  altogether  apart  from  the  Pereeptiv 
Centres,  is  not  here  adopted.  We  have  postalated  in 
stead  tlie  existence  of  three  '  word*centres '  aa  important 
and  intimately  correlated  parts  of  the  more  general  Audi' 
torv.  Visual,  and  Kinaesthetic  Centres.* 


rb« 
au4H 

tion^H 


*  It  ifl  diScult  to   get  evideaoe  of  the  exUteooe  aad   specii 
activity  of  tbe  last-named  cocopotu^nt  of  tbi^i  tnad«  bqt  tdnce  tl 
above  WM  writteo  tbv  author  h&a  acea  in  Vun  Ziemnvn*!  **  Cjdo^l 
pncdia*'*  wl.  nv.  {x  776,  aHhort  abstmct  of  anexoeedinglyiaterMtincJ 
case  (recorded  by  WMtpbal)  baring  aome  relatioaa  witb  that  abor* 
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The  three  principal  cases  recorded  in  this  section  are 
parlicuiarly  imporluut  from  a  ps^cLcIog'ical  point  of  view. 
They  enable  us  to  trace  Will  or  Volition  to  its  sources 
— when  we  find  persons  unable  to  Will  an  act  in  response 
to  a  A'^isual  Impression,  though  tlioy  can  at  once  and 
M'ithout  hesitation  ofi'ectivc-ly  Will  the  same  act  in  response 
to  a  related  Auditory  Impression — or  vice  vcran  (pp.  353, 
355). 


B.  Aphasia. 

5, — Damage  to  the  fivBt  parts  of  tlu  outgoing  tracks 
Utuling  from  the  Cerebral  Word-Centrce  to  the  l*ift  Corpus 
Striatuvi. 

HiLherLo  wo  have  been  considering  defects  resulting 
from  abnormal  conditions  of  the  Auditory  and  Visual 
Word-Centres    themselves,    or    from     injuries    to    their 

•  afferent '  or  '  commissural  *  fibres ;  now  we  turn  to  the 
illustration  of  the  results  following  upon  injuries  to   the 

•  outgoing '  fibres  from  these  and  from  the  lunieathetic 
Word-Centres — those  which  bring  them  into  relation  with 

given,  and  affording  also  some  information  of  the  Vind  referred 
ta  Of  this;  patient  it  is  said: — "He  could  write  very  well  from 
dictation,  but  shortly  after  he  was  uuable  to  read  the  worda  he  had 
written,  and  he  autforcd  in  general  from  complete  alexia  [t.e. 
inability  to  comprehend  written  symbols].  By  meaus  of  a 
Btratagem,  however,  as  ho  himself  very  clearly  explained,  he  ano- 
ceeded  in  reading  the  wi>rd  he  had  \vritten  from  dictation  uiK>n  the 
tablet  Ho  pusBud  hi«  6nger  over  each  letter  of  the  written  word 
as  if  he  were  writing  it  again  and  read  it  while  bo  doing.  He  then 
made  a  sort  of  calculation  and  counted  off  the  sum  of  the  separate 
Iftlers."  Hero  apparently  the  KiniesthetJo  Impreasionb  from 
AVriting-aiovcmenls  were  capable  of  ri^iusing  related  parts  of  the 
Auditory  Word-Centre  bo  as  to  enable  them  to  act  through  the 
other  portion  of  the  Kinfenthetic  Word-Centre,  and  thus  evoke 
8x>eoch-movementii. 
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the  Motor   Centres,  concenied    vrith    Speech-movcmenI 
and  with  WritiDg-movements,  iu  the  Corpus  Striutuiu. 

The  relation  existing;  btitween  the  Andilory  and  VieutI' 
Word-Centres  and   the  parts  of  the  KioiBSlhttic  "Word- 
Centres  to  which  impressions  derived  from  Spcech-moTt 
ments  and  Wnling-movements  respectively  proceed,  ai 
confessedly  uncertain.     There  is  reason  to  believe,  how. 
ever,  that    the    incitations   which    evoke    Speech    etai 
primarily  from    the    Auditory   AVord-Centrc,    and    Ihei 
jmss  through  the  corresponding  Kiniesthetic  Word-Centi 
BO  as  to  rouse  it  into  conjoint  and  practically  simultaneoiii 
activity.     Similarly,  there  is  reason  to  believe  thai  tin 
incitations  which  evoke  Writing-movemontH  start  primarilj 
from  the  Visual  Word-Centres,  and  thence  pass  througl 
the  related  parts  of  the  Kina^sthetio  Word-Centres. 

It  is  clear,  therefore,  that  destruction  of  the  Anditoi 
and  of  the  Visual  Word-Centros  would  cause  inability  to 
Speak  and  inability  to  Write.      These  disabilities  woul( 
however,  bo  asKocialed   with  such  defecls  as  have  heel 
considered  under  the  head  of  Amnesia — viz.,  inability 
comprehend  Speech  and  Writing,  together  with  inability 
to  revive  Auditory  and  Visual  ideas  of  Words. 

What  we  are  specially  concerned  with  in  the  preseui 
section  are  the  results  that  follow  upon  damage  to  tb< 
outgoing  fibres  lending  from  the  left  Auditory  and  Viraatj 
through  the  Kinn;sthetic  Word-Centres,  to  the  great  Mol 
Ganglion  beneath — viz.,  the  Corpus  Striatum. 

It  would  seem  that  these  two  sets  of  outgoing  channels 
are^  at  all  events  in  some  parts  of  their  course,  situntefl 
moderately  close  together,  so  that  they  may  bo  destroyed 
simultaneously  by  some  small  lesion,  and  that  too  without 
Uie  implication  of  outgoing  fibres  for  limb-nioveroents — 

iir  * r  T     i'*       '-'lOut  the  association  of  a  riglit-sidcd 

I  .    two  cases  oiigiually  described  by 
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Broctt,  in  1861* — that  of  Lclong — evidently  coaformed 
to  this  typo,  bat  as  be  did  not  come  under  obsorvutioii 
till  Home  time  aftor  tlio  cona  men  cement  of  bis  maliidy,  we 
select  a  fuirly  typical  case  recorded  by  Br.  ijatcmau.'!' 

A  waternmn,  fifty-one  years  of  age,  and  previously  healtliy, 
after  lu-lijing  to  unload  a  vessfl  at  Yarmoiitli  on  December  9,  1804, 
went  to  a  tavern  with  the  intention  of  asking  for  some  beer,  when, 
to  hia  astoniahnient,  he  found  hiiutieU'  unable  to  speak.  Only  a 
few  hours  previously  be  had  called  at  a  merchant's  office  and 
arranged  atjoiit  a  fresh  cargo,  bo  that  at  this  time  his  aptitude  fur 
buKiuess  was  in  no  wiHe  impaired.  His  loss  of  speech  was  uo- 
Cfmipnnied  by  no  ordinary  paralytic  condition,  for  although 
speechK'Ss,  he,  on  the  same  evening,  removed  his  vessel  from  ono 
part  of  the  river  to  another,  and  thu  next  day  he  helped  to  reload  it 
wilh  a  fresh  cargo  before  starting  for  Norwich  by  rait  On  reach- 
ing home  hid  Irknda  were  alarmed  at  finding  that  his  vocabulary 
was  limited  to  the  words,  "Oh  dear!  Oh  dear!"  There  was  no 
marked  improTcment  till  the  expiration  of  a  fortnight:  after  this 
period  he  seems  gradually  to  have  become  able  to  utter  a  few  more 
word*.  When  seen  by  Dr.  Batemtm  about  three  months  and  a 
half  from  the  comnieiifement  of  hiu  iiluesa  he  looked  well,  seemed 
remarkably  int*lli|^t'nt,  and  appeared  to  understand  everything 
that  was  sutd  to  him.  He  ir£M  aiili  unable  to  give  expresBwn  to  his 
itUae  htf  articulnte  Ititufuage,  except  in  a  very  imperfect  manner, 
thot^gh  he  cottid  move  his  tongue  freely  \%  cJi  direcdoiu,  Ua  had 
bceti  a£i£<)  to  write  Jitunitiy  bvfore  llie  dale  of  hie  Ulneeaf  but  he 
Ktid  aiinost  lost  thta  power,  tie  well  as  that  of  speech.  AUhoiu/h 
just  able  to  tcrite  om*  or  two  icords,  he  could  not  write  a  sentence* 
Yet  (here  trns  vo  trcice  of  parnhjsis  nfUmhs^  fiithi^r  on  the  ri/jkt  or 
on  tfw  left  side. 

Later  this  man  became  subject  to  fits  at  short  intervals. 
After  nearly  two  yearH,  he  wuh  again  admitted  to  the  Hof^pitul,  on 
January  12,  18H7.  He  then  seemed  in  the  possesMion  of  his  usual 
iutelligence.  and  was  etill  free  from  any  signs  of  puralysia  in  limbs 
or  face.  He  had  regained  the  power  of  speaking  to  a  considerable 
extent,  and  now  eitffered  from  a  dilfcrent  kind  of  defect — he  had 
become  Amnesic  rath*-  than  Aphasio.  "  He  nuderstuuds  all  that  i« 

*  "  Bullet,  dela  Soc.  Anatom.,*'  Aag.  and  Nov.  18(il. 
t  "  On  Aphasia,"  1870,  p.  G6. 
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said,  but  ii  affected  with  an  incapacity-  to  employ  sul/stiioUTi 
having  lost  the  memory  of  words  aa  fiir  as  that  port  of  speech 
neoDcemod,  and  be  will  make  asc  of  aperiphraaia  to  avoid  oaing  th« 
^SubHtuntire  reqairud"  A  few  months  aflvrweids  ho  becam«  para- 
lysed, and  Roon  after  that  so  demented  as  to  necessitate  his  remornl 
to  the  Borough  Aayluiu. 

This,  in  its  first  stage,  seems  to  have  been  a  caae  of 
Aphasia  p  uro  uud  siiuplo.  Trousseuu  records  sereral 
instances  in  which  sacb  a  condition  lasted  only  a  few  daya 
or  perhaps  only  a  feAv  hoars,  owing  to  the  existence  of 
laooie  temporary  abnormal  cerebral  condition — induced 
|occasionally  without  apparent  cansc,  and  at  other  times  as 
ia  seqaence  of  some  great  excitement  conjoined  with  '  worry* 
or  over-work.  Such  cases  are  not  extremely  rare ;  two 
or  three  of  them  have  also  fallen  under  the  notice  uT 
the  writer. 

When  however  an  actual  lesion  exists,  of  greater  mag- 
nitude than  that  which  may  have  been  prosout  in  the  first 
^atage  of  Dr.  Bateman*s  case,  it  often  happens  that  the 
AphuHia  co-exists  with  a  paralyHis  of  the  right  side  of  thd 
body— or  a  right  Hemiplegia,  as  it  is  termed. 

The  larger  the  lesion,  too,  the  greater  is  the  chance 
tliat  the  Visual  or  the  Auditory  Centres  themselves,  or 
some  of  their  commissures  may  be  seriously  damaged: 
with  the  effect  of  producing  an  admixture  of  Amuesio 
Bymptoms  with  those  of  Aphasia.  Such  additional  symp- 
toms may  rcvt-al  themselves  either  from  the  first,  or  only 
as  the  individual  begins  to  recover  from  the  Apha&ic 
condition. 

Three  instances  of  complications  of  this  sort  will  now  be 
given.  The  first  of  them  being  a  case  recorded  by 
Trousseau,  in  which  Aphasia  was  produced  by  a  lesion  that, 
at  the  same  time,  caused  right-sided* paralysis  togetlier 
with  inability  to  read — the  latter  disability  being  prob- 
ably due  to  damage  of  the  left  Yisoal  Word-Centre. 


I 
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M.  X — .  cdL  57.     One  evening  whilat  rising  from  his  chair  to 

ahakb  bands  with  the  curate  of  the  {ilace*  he  tiuddoiity  btugi;ered, 
etanimen^],  and  dropped  into  the  anna  of  hia  visitor,  whu  hud 
rutihed  forward  to  nupport  him.  He  remained  in  a  most  profonud 
aptipltfctic  stupor  for  more  than  ten  hoora  with  complete  puratyeiH  of 
the  right  side.  Fur  a  few  days  be  gave  only  obscure  bigns  of  ii(t«lli- 
gvncc;  but  from  the  time  of  this  aeizare  he  entirely  lost  the  fooalty 
of  speech.  A  few  months  afterwards  (Rummer  of  18G0).  he  almotjt 
completely  R'covoreJ  tlie  power  of  moving  his  right  log,  but  tho 
moTcmenta  of  his  ritihi  arm  have  always  been  impeded. 

In  the  spring  of  lti03,  M.  X —  wa«  seen  by  Trousscuu,  who  gave 
the  following  account  of  him  : — "  His  face  was  intellignnt,  cheerful, 
and  full  of  benevolence.  He  seemed  by  his  gestures,  and  especially 
by  the  oxpression  of  his  face,  pU'oscd  to  see  me.  He  could  not 
speak,  and  only  uttered  in  a  faltmog  voice  unintelligible  words,  ia 
which  the  monosylkhlo  'Yeal'  returned  frequently.  Wlien  I 
questioned  him  be  answered  *  Yrt!'  to  everything,  even  when  he 
shook  hifl  head  in  denial.  '  Mow  old  are  youP* — 'l'i«/'  How 
far  back  do  you  date  your  illness  P  * — '  Yen, '  Ac,  Ac.  It  could  be 
ciii^ily  scon,  however,  that  he  was  not  satisHed  when  the  word  '  Yes* 
waa  wrongly  applied,  for  he  then  made  an  impatient  geeturc.  He 
looked  pleased,  on  the  contrary,  when  the  word  was  used  appro- 
priately. He  uat  to  table  with  us  at  dinner,  used  his  left  hand, 
and  ute  with  great  propriety.  He  looked  after  hh  guests  during 
dinner,  and  took  part  in  some  of  the  discassions  carried  on.  When 
the  delicate  character  of  the  Uimb  of  the  country  was  praised,  he 
n<xidcd  asBcnt ;  whilst  on  some  of  tho  guests  Having  that  the  kid  of 
the  country  had  a  better  Havour  than  the  lamb,  ho  shook  his  head 
in  difuipproval.  Ho  made  signs  to  the  servants  to  band  the  wine. 
and  wheu  wiue  of  au  esteemed  vintage  was  going  round  ho  made 
signs  that  it  should  be  drunk  in  preference  to  the  rest.** 

'*  He  played  every  day  ut  'all-fours,*  hiding  his  cards  behind  m 
pile  of  books,  and  nuing  his  lett  hand.  Ho  often  won  when  playing 
with  the  curate,  tlie  doctor,  or  hia  boo,  without  their  allowing  him 
to  do  so  out  of  kindness.  His  son  and  Dr.  LafHte  declared  to  me 
that  he  played  aa  well  as  he  ever  uHod  to  do.  Simictimes  his  son 
sita  by  his  side  to  advise  him,  and  stops  him  when  he  takes  a  card 
which  Boems  not  to  l>e  the  proper  one,  but  he  inaista  on  playing  oa 
be  bkes,  and  by  winning  the  game  proves  to  his  adviser  that  if  he 
aacriticed  a  card  it  was  liecause  he  could  thos  improve  hia  game. 
Although  his  son  manages  all  bis  affairs,  he  insists  on  being  con- 
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oftfaB  dMb  49  MiptaM  kis.B«4  tint 
•tegntioa>  mm  — 4^  which  ■■«»  —  ■  trig, 

iian4  tt«  MM*  c/«4a(  kc  rvoa;  &tf  UtfiMMrf  ma 
«&«•  U  WM  f«a4  io.    fl«  coiiU  mH  fmi 
ike  dfkaht^t  ^^  ^triU  nitk  his  Sfft  hamd^ 

**  After  dnKT."  TrovsMn  sja,  **  I  tned  to  Mdv  ort  how  1^  ha 
coaU  pm  pnoi  o(  iattSbgem^t*  As  he  aI««j«  ■■■■■w4,  '  Yin,*  I 
whether  he  ka«w  h»w  thu  wora  wm  wfti^  Md  tm  ha 
■eat  I  took  Qp  m  hi^  <|<nrto  tliIw%  withthe  fafcwii^ 
title  M  ite  kftck  I '  HJeftoty  of  the  Two  ABcrieiV  n4  raqv^ifld  h^ 
to  poisfc  oM  thektfeen  a  tfaoee  wor4«  whid  fisTMid  the  w«c4  *  r««.' 
AJthoiigh  the  k<lMe  weiv  more  tbea  oae-thixd  «C  «■  toch  li  stt^ 
bcoo«UDateoeeeediade«eg«a  I  vUhed.  It/  Tdlif  hiM  hi  it 
f»r  cee^  letter  ia  tAra.  and  b^  ealUn^  out  its  auM^  he  aaiM^ 
after  eoae  heertalM/a  to  poiet  «ai  the  &nt  twg^  aad  waa  verf  loaf 
ia  fiaduig  the  thhd  1  thra  aeked  hioi  to  paiaft  aot  the  Mae 
letttn  agaia,  wHhoat  nj  eettiag  thaBoai  firvti  bat  aftcv  lonhsag  el 
the  booh  atteattrelj  for  eo«»«  tieM^  he  threw  it  away  with  a  loek  e( 
aaacTaaee.  which  ehowed  that  he  lek  ha  zaalaKty  to  4e  ae  I 
wkhed  hna.** 

It  bae  eAea  happened  to  hia  to  ea  j  a  word  wUeh  he  l^e  m4 
altered  far  a  very  loetg  tsMC,  ce  if  aa  oU  iaipiieiiua  were  ivrmil 
ia  hie  braia.  Sone  tive  e^  he  dropped  hie  hendktptliwf,  ead  ■« 
a  ladj  acar  htm  picked  it  op  cad  gar*  it  to  hiae,  ha  «ad  to  ker« 
•■  ThoaiM  /"  ia  a  load  aad  dMtkkct  vwoe.  Hie  frwa^  waiv  d»- 
I%hte4  at  tin,  aad  tkoogbt  that  he  h^  reeorefvd  h»  epeeck  Be 
was  asked,  impleted,  to  eay  the  word  a^aia ;  it  waa  lepaeted  to 
hiai  aerenl  tiaci^  has  oU  wae  ia  rata,  he  aaiar  eoaU  enctind :  aad 
Uua  waa  the  geaeral  r«W,  he  ctmli  mM  mm  frpeai  lAe  ateiph^ 
tommdwJUekkadht^mtUrfdhefnnlimL.    Hetdldhiaa^canaellj 


»*T.  W! 


ithUe 


*  What  feUowi^  howerer.  ia  lalher  to  be  Rgardrd  aa 
bearing  a|)on  the  fnactioiia]  activitj  «f  In  Yiaaal  Wi 
wKich  waa  tcvj  deicctir^    It  eooatitattoa  ao  ■aaaarii  of  the  dy' 
of  the  patieat'e  satelfigeBee;  aiaee  thia  (aa  ohowa  bjr  a 
paragi^h)waa  weD  prracrved. 
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In  the  case  next  selected,  the  Aphasia  wna  also  asso- 
ciated with  right-sided  paralysis,  but  it  was  accompanied 
by  considerable  mental  impairment,  and  there  was  evi- 
dence of  the  existence  of  damage  not  only  to  the  Visnal 
but  also  to  the  Auditory  Word-Centres.  The  patient 
could  neither  Speak  nor  Write.  Moreover,  she  did  not 
seem  to  be  able  to  apprehend  the  meaninj]^  of  spoken 
words,  and  she  was  equally  at  a  loss  to  understand  written 
or  printed  characters.  This  case  was  recorded  by  Dr. 
Bazire,* 

"M.  W — ,  ait.  2-Kayoung  woman  of  short  sUtiiro,  was  admiltej 
as  an  out-patient  at  the  National  Hospital  for  the  Famljai-d  anvl 
Epileptic  on  January  10,  1805,  snSering  Ironi  imperfect  right 
heniipU'f^a,  and  complete  aphakia.  To  all  my  qurstions  she  inrari- 
ably  answered,  '  Sapon,  Supon.*  It  waa  a8c«rtiiiued  from  a  relutive 
wlio  accooipanied  the  patient,  that  she  bad  been  8fired  with  para- 
lysis on  the  right  side  three  months  previously.  The  actual  attack 
was  sodden.  She  dropped  down  sensetcas,  remnined  in  a  comatose 
condition  for  Bcvcral  days,  and  when  she  recovered  her  senses  could 
not  utter  a  single  word  beyond  *  Sapon,  Sapon,*  which  she  has  ever 
since  Icept  repeating  at  every  turn.  The  paralyais  was  not  com« 
plote  after  the  first  few  days." 

••  When  T  first  saw  her  the  patient  had  walked  to  the  hospital,  a 
distance  of  alx^iit  two  miles  from  her  re^iidence.  Her  face  was  full 
of  eKpreBsion,  and  her  eyes  bfaniing  with  intelligence;  yet  it  waa 
manifest  that  these  appeurunces  were  deceptive,  and  that  her 
intellect  was  very  much  impaired.  She  could  fwi  hevunle  to  u»- 
dtr»taud  at  once,  hy  ivorda  oiyne,  Wm>/  was  required  of  ?*er;  and 
ctnUd  not  alwaij$  angwer  correctUj  htj  gcstttree  the  qu-catlons  which 
ahe  tBtu  aeked.  Her  inxntoinimts  was  not  so  dear  as  that  of  a  deaf 
ond  dumb  individual,  and  »Jui  tf^rmed  not  to  h«  able  to  understand 
the  meaning  of  icnyrds.  Tht*}j  had  to  be  spoken  v<^y  slovlyt  and 
repeated  several  times  before  she  could  catch  tJisir  meaning^  and  shs 
most  fi-cfiutntiUj  failed  eompleiehj  in  this.  Oesturea  aJm  underatood 
at  onre.  Thus,  when  I  asked  her  to  show  iwe  her  tothfue,  ah9 
did  not  always  do  so  immediately;  hut  on  putting  otU  my  own 

•  TrouR&can*B  "  Lecliirea,"  Trans,  p.  2tl4. 
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of   compiehendin^  signs,   and  an   inability   to  AVill  and 
execute  eveu  thu  simplest  motor  acts. 

H.  C — fSit  24,  had  Buffered  much  mental  distress  owtog  to  the 
recent  dciith  of  one  of  her  chiMren.  On  October  3rd  she  had  a  Bt 
for  the  iiret  tiuic,  whilst  in  tlic  street,  but  wns  able  to  walk  home, 
aud  during  the  two  days  which  inten-ened  before  her  adraiHSiou 
into  Univerbity  College  Hospital  she  hud  twelve  other  epileptit'Drm 
ftttacks. 

Soon  after  her  admission,  she  had  another  serids  of  convulsiona, 
afflicting  both  sides  of  the  htidy,  though  priucipally  the  right. 
During  the  intervals  between  the  sepnrato  attacks,  it  was  found 
that  her  face  was  partially  paralysed  on  the  right  side,  tho  right 
arm  waa  completely  parnlyHed.  and  the  leg  to  a  leas  extent.  She  hud 
nx  seriee  of  these  convulsivt.^  attuck:^  in  the  three  days  following 
her  admission,  and  during  this  time  remained  in  a  dull,  lethargic 
state.  On  Octolwr  VMh  the  gradually  begoa  to  rcg^iia  a  oerluiu 
amount  of  inU'lli^ence  in  look  and  manner. 

On  the  IDth,  her  attention  could  be  at  once  onvstcd ;  she  made 
decided  eiTorts  to  sjteak  after  questions,  and  was  able  to  say  'yea' 
aud  'no*  indiBtinclly,  though  not  appropriately.  When  told  to 
■how  her  tongue  she  merely  opened  her  mouth,  not  attempting  to 
protrndc  the  organ.  Was  able  to  swallow  without  ditHcnlty,  and 
took  food  eagerly.  On  the  20th,  seemed  still  more  iutvlligenU 
T)id  not  protrude  the  tongue  when  told,  but  opened  her  mouth 
aud  tot>k  hold  of  the  tip  with  her  fingers,  with  the  view  of  bringing 
it  forwards.  AlUu)ugh  nnnhh  to  vt4>ve  %t  bff  tm  unauhd  volitional 
fttniHluMt  on  a  noeci  toze^i^e  being  ai>pli^d  io  her  lifw  aht  immc' 
di^Urlif  put  out  her  tcngnt  vntk  great  ruadincas,  and  whilst  cntirtrj 
it  lautjhtd  and  teemed  much  pUa$ed,  Ou  the  28th,  looked  much 
brighter,  and  took  notice  of  what  panned  around  her.  Made  signs 
when  she  wished  to  attmct  the  attention  of  thonun^e.  ^Vhcn  asked 
if  she  hud  pain  in  the  head,  she  nodded  asRent;  but  did  not  move 
her  hand  when  told  to  place  it  upon  the  painful  part,  or  else 
moved  it  in  quite  a  different  direction.  Paral3'si8  of  limbs  and 
fuce  continued  much  the  same. 

About  ten  days  afterwards  I  examined  her  again  carefully.  Shehad 
continued  to  improve  in  the  muuntinie,  and  could  now  suy  'Nurse* 
dititinctly,  in  addition  to  '  Yea'  and  'No,*  She  cwild  not  rritfot 
ike  timplt'st  voieol  aoundsf  nciihcr  r-oitld  ehc  read  aiuijle  ioorda  in 
lar^e  print,  either  edoud  or  to  hcisGlJ\  so  at  to  comprcJtcud  them. 
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She  eoithi  not,  in /art,  poivi  out  intJivifturU  capiinl  iftUrn  of 
larye  lifpe.     When  oeked  to  pctnt  oat  M.  after  a  long  lime, 
much  pressing,  th«  pUwrd  ber  finger  npon  W ;  and  when  toU 
she  w)i9  not  rit^ht,  and  a«ked  to  point  ont  W*  after  a  still  loii) 
ifiterval,  nhe  laid   her  6nger  opon    S.     She  seemed  to  rrat^rni; 
familiar  nbjefta  and  hiow  icken  the  n'f/W  Hflm«  wot  ^'««»  to 
Sfip.  could  not  h4  made  to  Munt  hy  tappiwj  with  h^r  fo 
cUhtni/fh  $K6  had  hf.cn  shown  vtost  earrJuUtj  ithai  she  tms  Co  «lft, 
^ftj?  could  not  evenhe  induced  tn  give  a  ti^fgU  I^Jp,  and  fmty  looftwl 
dlntrmtfid.     She  seoiued  lo  reooltect  her  own  name.    And  allhonfcl 
she  did  not  (;ive  any  si^ns  of  rvoogoitinn  when  the  name  of  tl 
Btreet  in  which  i»he  livtfd  waa  mentioned,  she  immediatelj  noddi 
ftB^ent  when  she  beard  the  remaining  part  of  her  oddresn — tii^ 
'•  Fitzroy- square/*  pronounced.     She  nir^ly  la»Rh*;d,  hut  fwqaenlly 
had   5tfl  of  crying.     8hc  uttered  no  ndditional  exclamatkma  wl 
eicitcd,  mid  her  rocahulary  was  confined  to  the  three  words  aix>i 
mentioDcd. 

This  18  a  ^of\({  example  of  one  of  the  seTcrer  forms 
disease,   in   which,  beyond   the    ApLnsta,  with  defectiri!] 
activity   of  tbo    Auditory,   and   especially   of  the    VUi 
'Word-Centres,  there  was  a  general  iinpairmeut  of  meni 
power  due,  in  all  prohahility,  to  the  extensive  nature  (A\ 
the  lesion  in  the  left  Cerebral  Hemisphere. 


As  a  connecting  link  between  the  slighter  cases  prrtain^l 
ing  to  this  category  and  those  of  the  next — AgtapLiu^ 
ft  good  example  may  be  quoted  from  Troussean.  It  ii 
an  instance  in  which  there  was  greater  damage  to  the  onUl 
going  fibres  from  the  Visual  than  to  those  from  ths! 
Anditory  Centre — since  when  the  individual  had  regnincil 
some  of  his  lost  ability  to  Speak,  be  still  continned  nnahle 
to  express  bis  thoughts  by  Writing. 

**  A  young  lahourcr,  ict.  28,  had,  according  to  the  statement  of  bi 
friendn,  hocn  netzcd,  suddenly  and  ivitboat  any  af>signable  cai 
with  complete  mutism. 

**The  affection  for  which  became  to  the  Hospital  contistrd  solely 
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an  uiler  inahilihj  to  frp^ak,  aUhoiujh  hU  vnU'llujeitce  seemed  iu  his 
limpaired,  and  bo  could  perfectly  understand  all  the  qncstiona 
were  put  to  hira.  But  txi  tlieaw  qtieslionfl  he  invariubly 
answered  *  K-*,*  even  when  he  nodded  hh  hea-l  to  siffnify  assent. 
One  of  the  students,  however,  infomied  nio  that  when  letl  alone 
with  him,  ho  had  succeeded  in  making  him  say  the  word  *  cloak,* 
after  many  repeated  trials.  I  found  only  a  marked  deviation  of 
the  apex  of  the  tongue  to  the  right,  but  no  other  sign  of  paralysis; 
the  face,  the  trunk,  and  limbs,  could  be  moved  with  perfect  free- 
dom and  force.  .  .  .  W  hen  I  asked  bini  to  write  his  name  down  he  did 
IK»  correctly,  hut  when  I  told  him  to  write  down  what  had  happene*i 
to  him,  he  only  wrote  *iirrti»,  wn$,  was.*  Ue  knew  iwrfeetly  well 
that  thifl  wuit  not  what  be  wanted  to  write,  and.  annoyed  at  not 
iug  able  to  express  hia  thoutihti;,  he  put  down  the  peu.  Two 
ays  after  this,  on  my  asking  him  to  write  down  the  name  of  hia 
birth-place,  he  wrote  *  alcne,  aUme,  nlotip,*  a.ud  did  so  a^oin  when 
Tasked  him  to  write  ' goixl  morning.*  Hii  impatient  gestures,  all 
the  while,  showed  that  he  was  perfectly  couscions  that  he  was  not 
riting  what  ho  had  in  bis  mind.  On  the  following  day  he  wrote 
uio  wordd  that  had  no  souse,  such  as  *  gamo'  for  *  soup,*  but 
e  could  say  '  Good  mominfj,  5*V,*  speaking,  it  is  true,  like  a  child 
who  is  learning  to  speak.  A  few  days  later  ho  said  very  distinctly, 
/  am  pretty  u'**///  and  then  '  Good  mominfft  Sir,  I  am  (jetting  on 
fix*  with  a  beflitAting  voice, however,  likcun  habitual  stammerer, 
who  endeavours  not  to  stutter.  When  the  attempt  was  renewed 
to  make  him  write,  he  only  "ficribhted  on  the  paper  a  series  <if 
iyllubles  without  any  meuuing,  but  he  managed  to  write  ander 
dictation,  *7  have  eaten*  '* 


C,    AaHAPHIA. 


16, — Daniojje  to  EmiBsive  Channels  hetwecn  thc-^Uft 
Visual  Word- Cent  res  and  the  Motor  Centres  in  the  corrc- 
^ponding  Corpus  Striatunt, 
In  tbe  typical  form  of  tbi»  defect  there  would  be  a 
Bevpraiicc  of  the  connections  between  the  Visual  Word- 
Centre  and  the  superior  motor  centres  concerned  with 
the  act  of  Writing — bo  that  this  act  alone  would  become 
^^mpossible,  whilst  the  mental  powers,  with  ability  to  Read 
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and  ability  to  Spenk,   would  remain  intact.     This  Is  ft 
perfectly  possil>lo  condition,  and  tbnt,  too,  from   a  small 
lesion  in  one  or  otber  of  various  situations.     The  lesion 
might  implicate  the  ilbres  which  conduct  the   Btimuli 
from  the  Visual  Word- Centre  to  the  Kinfcsthetic  Woi 
Centre,  or  it  might  involve  this  latter  Centre  itself,  orj 
lastly,  it  might  destroy,  in  some  parts  of  their  coarse, 
fibres  passing  from  the  Kintesthetic  Word-Centre  to  tl 
related  motor  centres  in  the  Corpus  Striatum,    In  eith< 
of  these  ways  it  is  conceivable  that  a  person  might  lot 
his  ability  to  Write,  alone  and  without  other  defect. 

Should  the  individual,  however,  be  paralysed  on  the 
right  side  of  the  ho<ly  any  snob  special  defect  would 
bidd-^n  by  the  more  general  loss  of  power  occasioned  bj 
paralysis  of  the  right  arni.     But  if  such  a  person  wei 
to  Attempt  to  learn  to  Write  with  the  left  hand,  there 
no  reason  why  he  might  not  succeed,  proWded  the  lei 
Visual   Word-Centre   were  itaelf  uninjured  and  in  fn 
comrannication   through  callosal  libras  with  its  fellow  of 
the  opposite  Hemisphere. 

A  person  affected  with  right  Hemiplegia  would,  however, 
probably  be  incapable  of  re-acquiring  the  art  of  Wrilingj 
Avith  the  left  hand,  if  the  left  Visual  Word-Centre  itse] 
were  damaged.     But  with  the  existence  of  such  a  lesioi 
the  patient  would  also  be  unable  to  comprehend  writl 
or  printed  language.     This  seems  to  have  been  the 
for  instance,  with   Trousseau's   patient — M,   X — ,   wh< 
notwithstanding  all  his  intelligence,  could  not,  after  three 
years,  write  with  his  left  hand  (see  p.  652). 

The  Agraphic  defect  is  almost  never  met  with  alone. 
It  is  most  frequently  associated  with  some  mental  defecti 
or  with  defects  of  Articulate  Speech. 

Again,  the   same    term,    Agraphia,    may    be    appro- 
priately enough  allowed  to  include  '  incoordinota  *  ta  well 
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as  '  paralytic '  detects  in  tlio  power  of  nieutal  expression 
bj  Writing.  Even  with  this  extension,  however,  the  cases 
on  record  tlmt  can  be  inchided  under  this  head  are  com- 
paratively few.  The  first  to  be  quoted  is  cue  of  the  *  inco- 
ordinate '  type.  It  is  one  of  the  many  cases  illustrativo 
of  Speech-defects  for  which  we  are  indebted  to  Dr. 
Hughlings  Jackson.* 

An  elderly,  healthy-looking  woman  suddenly  became  ill  five 
weeks  before  admieaion.  i^be  lost  the  entire  power  of  speech  for  u 
week,  and  was  alto  parulyscd  vn  the  right  aide.  When  seen  thera 
waij  no  apparent  hemiplegia,  bnt  she  complained  of  weakness  in 
the  right  side.  She  could  then  talk,  btit  made  mirttukes.  For 
instance,  when  I  was  trying  her  sense  of  smell,  which  was  very 
defective  since  the  panilysis,  sbe  said  in  aiinwer  to  a  question,  **I 
can't  soy  it  so  much,"  meaniiij^  she  could  not  smell  so  well.  She 
frequently  made  mistakes  in  speaking,  and  called  her  children  by 
wrong  names.  Thta  icm  never  very  tvitlent  whe^t  aJye  cnme  to  tlte 
hospiiaij  nnd  mi'jht  eoBiltj  havo  been  overlooked,  bnt  her  ftienda 
complained  much  of  it.  She  seemetl  to  be  very  intelligent.  I£cr 
pawer  of  cxpre^non  hij  writhitj,  howeveVt  was  very  had,  althourfh 
her  penmanship  vjm  prtfhj  goody  com'\dv  ring  that  she  wrote  loilh 
tJie  wcaJcened  right  Hand.  She  wrote  the  following  at  the  hospital. 
1  tirHt  asked  her  to  write  her  name— I  do  not  like,  for  obvious 
rcusons,  to  give  her  real  name  for  comparison:  it  had  not. 
however,  the  slightest  resemblance  to  the  following,  in  sound  or 
spelling, — 

"  SONNIL  StCUA  SaTRHNI." 

When  I  asked  her  to  write  her  address,  nhe  wrote,— 

'•  SUNtSJl  NUT  TS  MBK  TIKX—  LAIS,* 

Thinking  she  miglit  have  been  nervous  when  she  wrote  at  the 
hospital,  Dr.  Jackson  aski'd  her  to  bring  sumething  that  she  had 
written  at  home.  She  did  so,  but  the  specimen  (a  fuc-simile  of 
wliioh  he  givest  was  not  in  the  least  better  than  what  she  had 
previously  written.  It  is  a  perfectly  meaningless  assemblage  of 
letters,  notable  only  for  the  frequent  repetition  of  small  groups  of 
thcro,  in  a  fashiou  wbich  we  ahull  also  fiud  repeated  in  the  next 

1     case. 

1  •  Lond.  Hosp.  Krports,  vol.  i.  p.  4^)2. 
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UnfoKnaatcly  it  is  not  stated  whether  this  womao 
able  iLoroughlv  to  comprehend   written  or  prlxitei 
ractcrs,  and  without  knovti'ingher  condition  in  this  reaped, 
uo  safe  diuresis  can  be  made.     There  was  in  her 
an   ability   to  form   letters,   but    an    inability    to 
them  into  proper  words — and  thus  a  complete  inability 
express  her  thoaghts  by  "Writing,  even  though  hor 
in  Articulate  Speech  were  comparatively  few. 

The  next  case  is  one  which  came  trader  the  writer*!  ova 
obscnration.  It  is  by  no  means  typical,  hot  vcrr  peculiar 
in  many  respects.  The  man  was  a  Cnmiiial  Lunatic — oaa 
who  had  been  some  years  before  absolved  from  tho  penalty 
otherwise  attaching  to  a  murderous  act,  on  the  groand 
that  he  was  au  irres{>0Dsible  agent.* 

The  patient,  originally  a  sailor,  is  now  about  45  years  of  a^  aod 
l>artiaUy  demented;  be  was  funnerlj  rioltot  and  daagercm- 
witliout  obrioas  delaaions,  and  waa  certified  to  be  insane  in  . 
It  waa  not  till  about  the  year  1857,  or  Inter,  that  be  bepm 
to  write  in  an  extraordinary  manner;  prerions  to  tbii*  date  ht» 
letters  to  bia  friends  are  stuted  to  have  been  written  in  an  m- 
teUigible  style.  The  peculiarity  manifested  itself  firat  iu  tbia  wst  i 
be  commenced  the  writing  of  cacli  word  correctly,  and  tben  in  tbe 
place  of  some  of  the  remaining  letters  he  wrote  ^ij.  Afterwanls 
the  whole  cbamcter  of  the  word  became  altered,  and  duplication  of 
many  of  the  consonants,  together  with  an  almost  inrariable  tertni- 
nation  with  the  letters  ndend^i^  or,  at  least,  endd,  became  the  movt 
noteworthy  features  of  writing  which  though  pHnJnccd  Tolumi- 
notisly  was  almost  utterly  unintelligibl&f  Whtm  I  was  in  the  bahil 

*  The  particulars  are  given  nearly  as  they  were  reoonled  in  tba 
"  .Med.  Chir.  ReT."  for  Jan.,  1869. 

*  Trousseau  speaks  of  a  case  of  Aphasia  in  which  tba  p«nra 
during  recover/,  when  he  l^ccame  able  to  utter  a  fvw  monosyllablet, 
always  ended  them  by  it'/;  and  if  he  wished  to  say  a  won)  of 
several  syllables,  he  only  pronounced  the  firnt  syllable,  and 

ti/  to  it,  saying,  for  exumplc, "  montif*'  for  "monsifur,"  •*!. 
for  "  boojour,"  etc.     We  have  thus  additional  evidt'oce  of  the  simi- 
larities existing  between  the  different    kinds  of  defective  S|)c«cb 
and  defective  Wriling. 
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of  seeiog  tim,  aboat  three  years  ago,  he  gave  me  very  many  eheeU 
of  hia  peculiar  writing  at  difi*erent  tiniefl,  and  from  what  I  have 
in  my  possession  I  have  cat  out  the  eixte^n  8[>eciraen8  that  huvo 
been  hthographed.  Tlieso  ahow,  plainly,  that  he  either  wrote 
with  a  pociiliar  and  continual  iteration  of  certain  seta  of  letters, 
the  writing  being  partly  intelligible,  or  elae  that  it  waa  a  mere 
aucceasion  of  letters  or  atrokes  to  which  no  TneuDiog  whatever 
ooiiM  he  attached. 

One  of  the  principal  peculiarities  abont  this  case  ia,  that  whilst 
the  man  writes  in  this  fashion  he  speaks  in  the  ordinary  way. 

At  my  request  Dr.  Orancre  very  tindly  submitted  the  patient  to  a 
carefnl  re-exnmination,  and  the  replies  with  which  ho  has  fomitihed 
me  seem  to  show  that  the  man  has  now  become  more  dementwl. 
t}iou;j;h  his  Bpeciul  defect  is  much  less  marked  than  it  was.  The 
principal  peculiarities  obHerved  were  as  follows : — 

1.  Hii  can  spetik  fairly  well  for  a  short  time,  but  his  attention 
wanders,  and  hia  vnice  then  becomes  drawling  and  monotonous, 
when  he  often  either  niispronouncea  a  word  (generally  by  altering 
its  termination)  or  lie  substitutes  another  word  or  mere  aound 
having  no  meaning. 

2.  He  can  read  the  newspaper  either  to  himself  or  aloud— but 
Ite  does  not  seem  to  gather  the  full  meaning  without  effort,  and  hts 
power  of  continuous  effort  is  small.  When  he  reads  aloud  he 
fltombles  over  the  difficult  words,  and  he  reads  in  a  drawling  tone, 
but  the  words  which  he  utters,  if  not  actually  those  before  his  eyes, 
arc  words  of  a  sonicwhit  fiiiiiilar  souml,  and  do  not  appear  to  have 
any  obvioufl  relation  to  the  peculiar  style  of  his  writing. 

3.  He  spelU  a  word,  when  asked  to  do  so,  in  the  way  in  which 
he  would  write  it,  and  then  he  pronounces  it  correctly  immediately 
aftenvardii. 

It  is  interesting  to  find  that  fliiK  mauV  mode  of  Readiu*^ 
was  in  accordance  with  his  mode  of  Speaking,  rather  than 
with  his  peculiar  style  of  Writing.*  Upon  this,  in  part, 
we  base  our  \\e\v  as  to  the  nature  of  his  particular  defect, 
viz. :  that  it  was  due  not  &o  uiucli  to  disordered  action  iu 
the  Visual  Word-Centre  as  to  some  defect  in  the  cmissivo 


*  Though  the  reverse  obtained  in  the  case  of  the  government  clerk 
recorded  by  Dr.  Jackson  (p.  628). 
20 


662 


TlIK    CRRKBRAIi   KKLATIONS    OP 


cbaDDels  beyond — perhaps  in  tbe  part  of  the  KinsstI 
Centre  concerned  with  "Writing-Movements.     It  is  also  \\ 
harmony  with    the    view  previously  enunciati'd,    that   ia_ 
reading   aloud    usually   Visual  ImpreH&ious  revive 
sponding  Auditory  Impressions  of  words,  and    that 
Htimuli  which  oeeasion  either  form  of  Articulate  S{>ci 
pass  in  the  main  from  the  Auditory  to  the  Kinirstbet 
Word-Centres,  and  thence  to  the  Motor  Centres, 

It  is  worthy  of  note,  however,  that  in  this  case,  as  «i 
us  in  others  in  which  there  has  been  defective  action 
the  Visnal  Word-Centro,  the  mode  of  spelling  was  almt 
entirely   hannonious  with  the  patient's  mode  of   writii 
rather  than  with  his  mode  of  speaking.     It  was,  howei 
very  strange  to  hear  a  man  when  asked  to  spell  '  cat  *  t$,} 
deliberately  '  candd/  and  then  imme<liately  pronounce  tha 
word  as  though  ho  had  spelt  it  '  cat.' 

In  a  case  of  Aj^phia  recorded  by  Dr.  "William  OgleJ 
there  was  a  grave  Amnesic  condition  as  regards  Spoechj 
though  tbis  Was  associated  with  a  greater  inability  to  Writtf 
than  existed  in  either  of  the  other  cases. 


"  JamL'8  Simmonilis,  6fiy-fuur  years  ol  ag«,  a(t«r  a  heavy  blow  on 
the  left  side  of  tbo  heiid,  seveo  years  au:o,  was  obliged  to  give  op 
his  work.  He  B|)oke  witliout  ditficalty  or  hesitation,  bat  misrallcd 
Diings  strangely.  He  thuu  Uud  u  tit  ouc  morning.  whiUt  drc*»ing, 
which  left  him  sp<rechlei»  and  hcniiple^c  on  the  right  side.  For 
fortnight  he  conid  not  speak  at  all,  thoiif^b  he  was  quite  scnsi 
He  could  not  say  bo  mnch  aa  'yes*  and  *do.'  Ftvim  this  he 
gradually  recovered,  but  always,  as  before,  niscaUed  thingti:.  .  .  . 
A  month  ajjo  ho  had  a  second  fit,  which  left  Lim  with  less  power 
than  before  in  hia  right  side,  but  made  little  or  no  change  in  b 
speech." 

"  There  is  now  partial  paralysis  of  th«  right  aide,  which  does 
prevent  his  walking.     The  facial  muscles  on  that  side  are  sUgh 
affected  as  well  as  the  limbs.     His  sjieech  is  rery  hesituting  a: 

♦  St.  Oeor^*B  Hosj).  Reports,  1867,  p.  103.     'The  cooTcnicnt  wor^ 
'Agraphia'  was,  in  this  article,  Brst  iatroduccd  by  Dr.  Whl  0| 
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imperfeoL  Ho  ofU*n  stnpa  suddcnl/,  at  a  Iosa  for  a  word,  anil 
then  frei|uently  ust.'s  a  wrong  one.  As,  fur  esain]>lc.  he  eab- 
•Utiited  'liurbcr*  for  *  Joctor/  '  two  aliilliiig  pit'co'  for  '  8jieclaclc«,' 
'wiiikleH*  for  '  watercre>ti?«s.'  Ac  Iff  can,  hojvfvr,  yronuunc^ 
aaiy  word  perfectly  ivhen  j/romptid.  He  aaja  that  ho  generally 
knows  when  he  haa  used  a  wrong  word,  but  not  alwu^a." 

**  Before  his  illneits  he  wrote  a  good  hand,  and  was  al>ore  his  lot 
as  regnrda  education.  Now  )ie  cannot  form  a  single  IcUor.  Even  with 
a  copy  before  him  he  makea  only  uncertain  np  and  down  strokes.  I 
gave  him  some  printed  lettera,  and  asked  him  to  pick  oat  hitt  name. 
After  a  long  time  he  arranged  Jicmnos.  Clparly  he  hiid  some 
slight  notion  of  the  letters  which  conopoaed  his  niiine.  According 
to  his  wile,  before  his  illness,  he  spelt  well,  and  waa  very  particular 
about  the  apelling  of  his  own  name,  which  ia  one  admitting  of  many 
▼ari.itions.  ir/wii  a  copy  wnti  hi'/ore  him  hs  quickly  picked  out 
o»n/  atTttuyed  hitt  namo  corrocthj,  JTe  can  read ;  but  he  says  that 
reading  makes  him  very  giddy,  and  causes  great  pain  in  the  head. 
Uia  general  nnderstniiding  seems  good,  asd  up  to  the  average  of 
Jitf3  in  bis  class." 

The  conditions  hero  recorded  represent  the  rcmaindf/fs 
of  an  '  Apbnsic'  attack.  Inability  to  spell,  t.0.,  inability 
spontfliieously  to  recall  tbo  letters  composing  a  word,  pro- 
bably depends  in  the  main  upon  somo  defect  in  the  Visual 
Word-Centre ;  but  tbo  patient's  ability  to  put  the  loiters 
of  his  name  together  with  a  copy,  shows  that  this 
Centre  could  act  to  some  extent.  This  is  seen  also  by 
the  statement  that  he  was  able  to  read  a  little — though  his 
powers  in  this  direction  were  probably  very  slight.  We 
may  conclude  that  in  this  case  the  most  severe  or  durable 
losioQB  were,  therefore,  iu  the  track  of  the  emissive  fibres 
from  tlie  left  ViHual  Word-Centre — perhaps  in  the  Kinajs- 
thetic  Word- Centre  itself. 

Marce  speaks  of  a  man  in  regai*J  to  whom  it  was 
noticed  that  he  was  able  to  write  numernls  with  much 
greater  precision  and  case  tlmu  ordinary  letters — a  con- 
dition which  is  not  so  singular  as  he  thought.  It  is, 
indeed,  commonly  thecase^  that  Amnesic  patients  find  less 
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difficulty  in  recalling  the  names  of  simple  numerals  tLj 
of  letters  (sec  p.  643),  which  is  not  to  be  wondered  at  wh« 
we  recollect  that  the^e  iu  uli  are  nine  iu  number  ratht 
than   twenty-six,   and  that  the  observation   directed 
iudividaul  numerals  has  always  been  of  necessity  mui 
more    intent   than    the    observation    of   single    lettei 
The  degree  of  familiarity  with  a  set  of  objects  or  a  set 
actions  is  always  a  matter  of  great  importance  in  the* 
cases  of  impairod  cerebral  power:  the  newly  acquire<l 
more  complex  acts  are  those  which  first  become  imposf 
ble,  whilst  those  which  are  most  famihar  and  most  deep!] 
ingrained  arc  the  last  to  bo  interfered  with.     Dr.  Lase' 
knew  a  musician  completely  aphasic,  who,  being  unable 
to  speak  or  write  in  the  ordinary  way,  could,  after  hearinf 
a  passage  of  music^  write  such  passage  ou  pnpor  wit 
ease. 

D.  Aphkmia. 

7. — Damage  to  Emissive  Channels  between  Uie  Audi- 
tory and  the  Motor  JVonl- Centres. 

The  conditions  now  to  be  referred  to  are  related  to 
fective    communications    between   the  Auditory  and  tW 
Motor  Word-Centres,  iu  much  the  same  way  thut  lh< 
of  the  last  section  are  related  to  defective  oommunicatioi 
between  the  Visual  and  the  Motor  Word-Centres.     Wil 
the  neocHHiiry  chauges,  what  is  there  said  will  also  here 
hold  good  iu  reference  to  the  situations  in  which  lesions 
the  Hriiiu  may  produce  Aphemia,  with  the  addition  that  t1 
particular  defect  maif  also  be  produced  by  a  small  lesii 
implicntiug  the  lower  or  medullary  centres  for  ArtieuluUoi 

Those  cases,  as  isolated  defects,  are,  like  those  of  aim] 
Agraphia,  extremely  rare  ;  though  one  of  a  typical 
ractor  has  boon  recorded  by  Trousseau  (eoe  p.  669).    Si 
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larly  ibey  may  or  may  not  bo  associated  with  paralysis  of 
liinhs,  and  they  aro  alKO  almost  invariably  ocnisioued  by 
le&ioiis  in  the  left  rather  than  in  tho  right  Cerebral  Hemi- 
sphere, if  lUo  scat  of  damaf^e  bo  above  tho  pons  Varolii : 
but  when  the  lesion  is  in  the  latter  situation,  or  in  the 
Mudulla,  the  question  of  tho  side  alTeeted  becomes  a  matter 
of  indiirerence. 

The  nearer  tho  lesion  is  situated  to  ilic  Auditory  Word- 
Ceutro  (and  therefore  to  tho  Cortical  Grey  Matter),  the 
greater  is  the  likeUhood  that  there  will  be  complications, 
in  the  way  of  associated  mental  defects;  whilst,  on  tho 
other  hand,  in  the  cases  in  which  the  defective  action, 
resultint^  in  the  production  of  Aphemia,  is  to  bo  referred 
to  u  lesion  in  the  Corpus  Striatum  or  of  the  lower  articu- 
latory  centres  in  the  Mediillti,  wo  may  citpect  to  have  to 
do  with  mere  motor  di^^abililies,  as  a  result  of  which  vocal 
Speech  will  be  rendered  indistinct  or  wholly  abaJished. 

I  Some  cases  will  now  bo  given  in  illustration  of  those 

defects,  beginning  with  those  which  are  most  complex, 
and  thence  passing  on  to  others  of  great  comparative  sim- 
plicity. Tho  first  of  tbcm  is  an  illustration  of  extreme 
iricoordinato  defects  of  Speech,  in  combination  with  other 
abnormal  conditions.  Though  complicated  and  obscure, 
it  is  too  interesting  to  be  omitted. 

This  case  was  recorded  long  ago  by  Bonillaud.*  Tho 
man  did  not,  as  a  rule,  speak  in  mere  unintelligible  jargon ; 
he  mostly  made  use  of  actual  words,  though  they  were  of 
such  a  kind  and  so  collocated,  as  to  have  no  rcscmblanco  to 
wlmt  ha  ouglit  to  have  said.      Whou  reading  aloud,  how- 

I     ever,  ho  often  uttered  nothing  but  mere  jargon. 

!  Lefevre,a!t  54,  after  some  extreme  mcntul  anxiety, beouraeanable 

\  to  read,  write,  or  tiiid  worils  tu  exprestt  his  tliunghta.  Bih  veriHibilitjr 
I  and  powers  of  movement  were  unimpaired,  und  his  funeral  health 
^H  ■  *  Traill  de  l*Enc-5phalit^,  182o,  p.  290 

I 
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vM  pnMj  good.  Ifheo  1m  vi^i«<l  to  Rfttj  to  qoeitjong 
■JiLoiwmi  to  huB,  be  maJe  use  of  czpravtmi  csUier  qaile 
figHilc,  or  dae  luTisip  a  mesoiag  qvHe  diflcnrat  firaa  Unft  vl 
ke  iatcwled  to  ooo^vr.  Wbca  qimtioiRj  as  to  ka 
Rftlicd  righ  Jj  ia  two  or  tbr«e  vocds;  t}»e«  n  ovder  to  mj  tkal  h» 
did  Boi  sailer  at  all  £nMB  pain  ia  Um  bead,  be  smI*  *  htm  d!o«lram 
ondoaaeal  im  <■»— Iny,*  vbiUt  in  writxag  be  npfied  to  tba  taaw 
q— tiUM  ia  thai  wm.j  i—**  J9  mm  to^ifrt  ^atdelaJiU^  Wfacaavord 
•oeii  as  trnmiktinr  vaa  proaovneed,  and  be  waa  aA«d  to  Rpeal 
it.  be  aeid  frmwm^ ;  tfaoagb  be  wrote  h,  oa  tbe  enatraij-,  qaita 
totntdj  wb«B  aebed  la  do  eo.  B«  vac  icqaeatad  to  eopj  tba 
vor^  ftuUU  m^UaHe ;  ba  wfote  tbis  perieaUy*  baiaoaU  Banr 
esaetly  icad  tbe  worde  whleb  be  bad  joat  writtea ;  ba  proaooaoBl 
in*t£md,  fiqwieaim,  fimicaU  aad  feiaotlu  Tbea,  wbea  aiaili?  U>  rr»d 
tbe  void  fiq^ie^X^  wTttiCB  \fj  hiaieei^  be  prooooaced  it  jas^i^iL 
Ha  oAen  wrote  apoa  paper  ptvaeea  vWb  vcia  VMBtd^RiMiv 
citber  hj  tbe  a«ta>«  of  tbe  words  eaoplogred,  or  hj  tbeir  hA  «f 
mislina  to  oae  aaotbcr.  Wb^a  ba  was  abowa  drjinrft  utijauta,  be 
gaaerallj  naiad  tben  eorreetlj;  bat  tbca  ba  was  vrooig  at  tiaw^ 
aad  dariag  Mm  mow  sittuig  be  eaOed  **  oae  plaac;  wi  4nfp ;  en 
eraeboir.watf  pCaaae;  nte  auila,  aa  fisfse  ;  ane  oonle,  vne  ■>«•»  t  aaa 
bagac^  aacvwdboir." 

Tbis  cue  is  compfioaiBd,  and  ooe  in  wliich  tMra  ««re 
Terr  distinct  mecUl  defiects*     The  Yissal  Centre  seemft  t» 
\un^  beeo  fairijlieftlthj,  benee  the  patient  wms  able  to  90fy 
eorreetlj.     From  tbe  Cict,  boverer,  tbat  instead  «f  repeat- 
ing tbe  word.  '  tamboor,'  vben  asked,  be  said  '  froma^,' 
tboogb  be  wrote  tbe  word  quite  eorredl}' ;  and  from  tbe 
fiict  tbat  after  he  bad  alao  copied  a  writtea  word  prciperlj*.^ 
be  coold  not  rigfatlj  prooonnee  it.  we  maj  infer  tbat 
ppeesions  receiTed  in  tbe   Anditnry  Word-Centre,  mi^bi^ 
pass  00  eorreetlj  to  tbe   Haoal  Word*Centiv,  so  as  t«j 
euaUe  its  eqoi Talent  to  be  conectlj  reprodoced  in  writing 
but  tbat  impreaaioiis  striking  at  onee  apon  tbe  Aodtioij| 
Wufd-Centrea,  or  ecouog  to  tbem  fitom  tbe  ^aoal  Word* 
Centres,  eonld  i>ot  be  eotteetlj  rendered  into  articnlate 
speedk.      Tbe  conclasion,  ftkemfimb  i>  wniiRiiii  tbsi 
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there  was  in  tliis  case  uot  so  muck  a  defect  of  the 
Auditory  Word-Centre,  but  rather  something  wrong  with 
a  portion  of  the  emissive  chllnnoli^  leading  from  it,  by 
fv-ay  of  the  Kiutestlietic  Centres,  to  the  motor  centres 
for  Articulation — whereby  the  activities  of  the  Auditory 
Word-Centre  became  (iucoordinately)  associated  with  Arli- 
cnlatory  Movements  of  the  wrong  kind. 

This  defect  was,  therefoi*o,  in  its  relations  to  Speech^ 
very  comparable  with  tlioso  existing  in  relation  to  Writing, 
in  the  cases  of  Agraphia  recorded  by  Dr.  Jackson  and 
the  writer,  as  given  in  the  last  section.  The  case  was, 
however,  complicated  by  considerable  Amnesic  defects 
of  the  incuordinute  tyjw,  showing  themuelvcs  both 
in  Speech  and  Writing,  though  more  fiequently  in  the 
fi>rmer- 

lu  another  very  remarkable  case,  carefnlly  investigated 
and  recorded  by  Dr.  Osburn,*  the  patient  was  able  to 
talk  only  in  a  mciininglesg  jargim,  and  on  attempting 
to  rend  aloud  gave  nltcranco  also  to  a  series  of  articulate 
sounds  having  no  intelligiljle  meaning  or  resemblance  to 
those  which  he  should  have  uttered.  Some  of  the  prin- 
cipal particulars  concerning  this  case  are  subjoined. 

A  scholar  of  Trinity  Collego,  Dablin,  twenty-six  yearR  of  age,  of 
very  coneiderable  literary  attain  menta,  and  well  versed  in  French 
Ititlian,  and  German,  whilst  sitting  at  breakfast,  after  having 
bathed  in  a  neighbouring  lake.  Buddeuly  had  an  apoplectic  fit  Uo 
was  report^Ml  to  have  become  "  sensible  in  about  a  fortnight,**  but, 
although  restored  to  the  use  of  hia  intellect,  ho  hud  the  morlifica- 
tioaof  finding  himself  dojirived  of  spi^ech.  He  spoke,  but  what  he 
said  was  quite  aniutelligible,  althongli  he  lulxmred  under  do  para- 
lytic afBlclion,  and  uttered  a  variety  of  syllables  with  the  greatest 
apparent  ease.  When  ho  camo  to  Dublin  his  extruordinury  jargon 
Jed  to  his  being  treated  aa  a  foreigner  in  the  hotel  where  he  Htopped; 
and  when  he  went  to  the  College  to  sec  a  friend  he  was  unable  to 

•  "Dublin  JourD.ofMcd.  andChLmicul  Science,"  vol.  iv.  p.  lo7. 
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express  hia  wish  to  the  gate-porter,  ftiiil  sncceeded  ooljr  bj  pouitii 
to  the  apiirtmentA  which  bja  friend  hnd  occnpied. 

Dr.  Osborn,  afler  frcqn^nt  careful  iDvestigutions,  aecertaiaed 
fullowing  particulars  oncerning  hi«  patient: — 

1.  He  perfectly  comprehenJeU  every  word  said  to  him. 

2.  He  perfectly  comprehended  printed  language.     He  COtitiDDl 
to  read  a  newspaper  every  day;  and  when  examined  proved 
he  bad  a  very  clear  recollection  of  all  tliat  he  reatL     Having  pi 
cured  a  copy  of  Andral'a  'Pathology'  in  French,  he  read  it  wil 
great  diligence,   having  lately  intended  to  embrace  the  medi 
profesflion. 

3.  He  expressed  bis  ideas  in  writing  with  considerable  fluency; 
and  when  he  failed  it  appeared  to  arise  merely  from  coufuaion,  and 
iiot  from  inability,  the  words  being  orthographically  correct,  bi 
sometinies  not  in  their  proper  places. 

4.  Hia  general  raentul  power  seemed   nnimpaired.      He  wrotttl 
correctly  answers  to  httitorical  qnestions;  he  tran^ilated  LsttD  aen*' 
tences  accurately ;  he  added  and  subtracted  numbers  of  diflereol 
deoominations  with  nncommon  readiness;  ho  also  played  well 
the  game  of  draaghta. 

5.  JJU  power   of  repeating  wonig  after  auntht:r   perron  tc« 
(Umo$i  covfiived  to  cvriain  monogijUnblc* ;  and  in  reftvating  th( 
letters  of  the  alphabet  he  conM  never  pronounce  k,  q,  **,  r,  if*, 
and  z,  although  he  often  uttered  these  sounds  in  attempting 
pronounce  the  other  letters.    The  letter  t,  also,  he  was  very  »cld< 
able  to  pronounce. 

6.  In  order  to  ascertain  and  place  on  record  tbo  pocallur  imper- 
fection of  language  which  he  exhibited.  Dr.  Osborn  selected  an< 
laid  before  him  the  following  sentence  from  the  bye-laws  of  tli 
College  of  PhyBicians,  viz.,  "  It  shall  be  in  the  potvcr  of  the  Coll 
to  examme  or  not  examine  any  Licentiate  pre  a  ioui  to  hia  admUtit 
io  a  Fdhicaht'p,  as  they  ehnll  thhikfit,** 

Having  set  him  to  read,  he  read  as  follows: — **AniJte  hevlutt  it 
the  temolher  of  the  irothotodoo  to  majortim  or  thai  cmidraic  fni 
inikriiMtrai  m^.gtreit  to  kclra  totomhreidei  to  rn  fnrmtreido  as  thai 
hl'ritt'fit.'*  The  some  passage  was  presentt-d  to  him  a  few  days 
afterwards,  snd  he  then  read  it  as  follows: — *' Be  mathcr  be  in  th4 
kondrcit  of  the  competirct  to  snmtrcis  avitrcit  emtreidn  ajui  /rm- 
irrido  mcslrpitvrfio  to  his  eftrtido  turn  bried  rcdcriau  of  dfid  diif' 
di'it  dea  trvat.'* 

He    generally   knew    that   he   stjoko  incorrectly,  although  ho 
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was  quite  unable  to  w mody  the  flefcct  After  the  txpiratjon  of 
eight  months,  however,  he  was  so  far  improved  that  he  was  able  to 
rejwat  t}ie  same  bje-law  after  Dr.  Osborn  as  fullows : — "/f  may  2w 
ill  OiA  power  of  the  CoUego  to  evhavino  or  not  aridtiv  ony  UecnlinU 
t>eviouisty  to  his  amission  to  a  tt)Joloui8htp,  as  they  ehall  thinh  Jit.'* 
Some  little  time  after  this  Dr.  Osborn  enya  be  "  repeated  the  same 
bye-law  after  nie  |H'rfectly  well,  with  the  exceptimi  of  the  word 
•  power/  which  he  constantly  pronounced  jpricr.  He  was  fll»o  able 
to  pronounce  all  the  letters  of  the  alphabet  except  d,  k,  and  c" 
He  progressed  in  this  way  nnderthe  directions  ot  Dr.  Dsbom,  wlio 
advised  him  to  commence  le^irning  to  speak  again  like  a  child, 
repeating  first  the  lettiM's  of  the  alphabet,  and  subBcquenlly  wonls, 
after  another  person,  on  the  ground  that  he  had  'Most,  not  tho 
power,  but  Uie  art  of  using  tho  vocal  organB.'* 

lu  this  strange  but  vei-y  interesting  case  tbere  seems  to 
have  been  no  appreciable  mental  defect.  It  appears  con- 
ceivable that  a  disordered  relation  between  the  Auditory 
and  tho  Kiniesthetio  Word-Centres,  or  else  a  disordered 
activity  of  the  latter  Centres  themselves,  may  huvo 
BufQced  to  induce  some  such  defect. 

Trousseau  records  another  interesting  case,  in  whii-h 
ihoro  was  an  ab.sence  of  mental  defect  and  a  simple 
inability  to  Speak.     He  says : — 


"  I  received  one  day  in  my  consulting-room  a  carrier  of  the  Paris 
riallea,  very  young,  and  having  the  ap|«?arance  of  a  man  enjoying 
excellent  health.  Jle  mnde  signs  that  he  conld  not  speak,  and 
handed  to  me  a  note  in  which  the  history  of  hia  illness  was  detailed. 
Uv  hiid  ityritien  the  note  himeelf,  with  a  vc^ry  steady  hand,  and  had 
tpiirdtd  it  tcell.  A  few  days  previously  he  had  suddenly  lost  hia 
Bense:*,  and  had  been  uncousciouy  fur  nearly  an  hour.  When  ho 
eame  round  he  exhibited  no  symptom  of  paralysis,  but  could  noi 
articuhife  a  eiiKjh  trord.  He  moved  his  tonjjne  perfectly,  he 
Hwallowed  with  ease,  but,  however  much  he  tried,  he  could  not 
utler  a  word.  He  was  ineffectually  galvanized  for  a  fortnight, 
bnt  without  any  ppeciitl  treatment  he  completely  recovered  bis 
speech  five  or  eix  weeks  after  the  invasion  of  ihe  complaint.  It  in 
very   remarkable,  however,  that  durinrj  the  whole  course  of  this 
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Bhufular  ajjcction  heoonld  munngo  all  hit  tiffaW$  hy  tfuhtUiulh 
Wn'tlug/or  e^fffh. 

Here,  the  man  being  unable  to  articulate  at  all,  was  aIso_ 
incapable  of  reading  aloud  in  any  fashion;  allbongh 
may    fairly  presume  that   he   could   readily  comprchein 
\vhiit  he  read  silently.     And  if,  as  the  MTiter  thinks,  tlu 
patient  was  suffering  from  a  simple  motor  defect,  it  wi 
not  Bo  strunfTo,  as  Trousseau  supposes,  that  ho   should' 
have  been  perfectly  well  able  to  manage  his  own  affairs. 

This  last  case    may,    indeed,    be   pretty  oonfidentlj 
interpreted  through  the  reflected  light  thrown  upon  it  by' 
anollier,  more  reoeiitly  recorded  by  Dr.  Bristowe.* 

"A  steward  of  a  steam  packet,  a:t  3C,  ia  tbe  midst  of  prcriontlf 
nninterrnpled  good  health,  complained,  on  the  moroingof  MurcK  7^ 
18C9,  iu   the   Straits  of  Malacca,  of  headache  and   fcveri«bn< 
This  condition  was  ancceeded,  in  the  conrso  of  a  few  honrs,  with 
Berios  of  very  seTerc  epileptiform  ntUicks  following  one  aootbt 
quickly.      Four  hours  after  their   comraonceraent  he   began 
recover  consciousness.     When  he  i-ecovered,  he  found  himself  l^inf 
on  the  floor  of  the  ouhin ;  and  he  soon   diai^ovcrcd  that,  althougl 
be  conld  Bce  and  understand  everything  that  was  gtung  on.  hewi 
totally  unable  to   move  a  Unib.  had  entirely  lost  the  faculty 
speech,  and  was  '  stone  deaf/     He  could  not  bear  a  pistol  tired  o( 
close  to  his  ear.      He  remained  in  this  condition  aa  nearly 
poseible  np  to  tbe  time  of  his  arrival  at  Singapore  on  March  20/ 
At  that  time  his  riglib  leg  and  arm  were  still  weak,  his  left  li 
and  arm  were  numb  and  quite  powerlesa.     He  had  considii'ruU 
ditficulty  in  '  masticating*  his  food,  and  he  was  still  yverfectly  d« 
and  speechless.     He  gradually  improved  in  the  Singupore  H< 
pitul.    •■  In  the  6rsl  week  be  regained  tbe  complete  use  of  his  ri^bij 
side,  and  audition  so  fur  returned  that  he  conld  hear  when  spokt-i 
to  loudly.     His  hearing  was  completely  restored  by  April  22,     Hi 
also  regained  to  a  great  extent  the  use  of  his  loft  arm,  and  imprm-i 
remarkably  ia  general  heollli."   He  left  the  Hospital  in  the  middl 
of  Jnoe,  and  was  put  on  board  a  sailing  vessel  homeward  bouadti 

•  "Trans,  of  tbe  Clii.ical  Society/'  1870,  p.  9i 
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Od  November  Ist  he  was  admitted  into  St.  Thomas's  HoBpital,8tiU 
speedileita,  aad  dragging  his  luft  leg  much  in  walking. 

Br.  Driatowe  says: — '*Tlirce  days  after  admission  I  saw  the 
patient  for  the  Brst  time,  and  examined  him  pretty  carefully.  I 
fotrnd  that  he  was  ]>crfectly  intelligent,  that  he  understood  every- 
thing that  was  said  to  liim,  that  ho  could  read  well  and  com|>re- 
hend  everythiug  that  he  read,  and  that  he  cuuld  luaiuUiiu  a 
ronvci-sntion  of  any  length,  he  writing  on  a  slate  and  his  inter- 
locutor sjjeaking.  He  wrote  indeed  with  rrmarkable  facility  a  very 
exeollent  and  legible  hand,  expressing  himself  with  perfect  point 
and  accuracy,  except  for  an  occasional  error  of  spelling  and  con- 
stniction,  due  eviJently  to  defective  education.  But  ho  conld  not 
Bueak,  he  conid  not  utter  a  single  articulate  sound.  I  nsccrtoiucd, 
however,  that  he  could  perform  with  hia  lips,  tongue,  and  cheeks 
all  possible  forms  of  voluntary  movement,  and  also  that  ho  waa 
capable  of  vocal  intotintion,  in  other  words,  that  he  could  produce 
uiuHicul  laryngeal  sounds." 

This  patient  was  afterwards  taught  with  great  care,  and  with 
complete  success,  to  speak  again,  although  "  he  had  been  nine 
months  entirely  speechless,  and  believed  himself  to  be  hopelessly 
dumb." 

The  bilateral  pnialvsia  which  existed  at  first,  together 
with  compIetG  deafness  and  other  symptoms,  make  it  almost 
certain  that  in  this  case  the  patient  was  sulfering  from  a 
lesion  situated  somewhere  on  the  eonfines  between  the 
npper  part  of  the  Medulla  and  the  pons  Varolii.  A  lesion 
here  mi^ht  cause  tho  c^omplete  deafness,  the  double 
paralysis,  and  for  a  time  functionally  disable  the  lower  arti- 
culfttory  centres.  There  was  clearly  a  mere  motor  Speech 
defect ;  and  a  much  slighter  lesion  about  the  same  region, 
or  a  littlo  higher,  mij^ht  have  given  rise  to  such  minor 
symptoms  as  were  met  with  in  Trousseau's  case.  It  is 
possible,  however,  that  this  latter  ;j[ionp  of  symptoms  might 
have  been  occasioned  by  a  slight  lesion  higher  up  in  the 
left  motor  truck — perhaps  in  the  Cor])UH  Striatum,  or, 
even  higher,  in  the  white  substance  intervening  between 
lese  bodies  and  the  Kiniesthetic  Word-Centres. 
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It  Laa  lung  been  known  tbut  lesions  in  tbeso  situations^ , 
especially  in  the  pons  Varolii,  may  canse  greJit  diifi- 
cultic's  aud  iDdistinctness  of  articulation,  if  not  actual 
loss  of  Si>e€ch.  A  briefly-related  case  of  this  kind,  in 
\vbicb  a  considerable  lesion  \ras  actually  found  in  tbij 
fiituationf  as  recorded  by  Dr.  Wilks,  may  suffice  for  th« 
final  elucidattou  of  ibis  section. 

"  A  lady  fi-ll  in  a  Bo-calleJ  nt  during  dinner.  She  wns  tAVon  op 
B|>eechlei!8  and  put  to  bed.  Sbe  lay  with  her  mooth  or*en  and  with 
the  saliva  raonuig  from  it,  and  uhc  waa  umihU  to  swallow  or  <•] 
Bjieak*  There  appeared  to  be  no  paralysis  of  her  limbs  and 
her  gestures  and  expreasion  there  was  every  reason  to  believe  thai 
she  waa  perfectly  seDBible.  She  waa  soon  able  to  leave  her  \m 
and  recovered  her  nirnal  health,  bat  $hc  iierer  lost  ike  parttlyrit 
the  tonffue  avid  palate.  Sbe  n  rote  down  all  her  wants  on  a  shit«w 
Site  gufaUowed with  diJjUcuUy,  and  the  saliva  waa  couliiiimllj  Oowiag 
from  her  month ;  but  she  waa  able  to  walk  three  or  four  railVs  a  day* 
and  wavaccastomcd  tojoinina  game  of  cards.  About  two  years  after 
the  first  attack  she  had  anotbfr  apoplectic  fit,  in  which  she  di 
On  post-mortem  examination  there  was  found  to  be  a  great  amoanl 
of  disease  of  the  cerebral  vesaela ;  mnch  blood,  which  had  esca} 
from  the  pone,  w;u  effused  at  the  base.  Within  the  jions  M^re  wat^ 
an  old  hrownigh  cy»t.    The  central  gnnglia  were  healthj/' 

If    tbo   foregoing    int€q>rctatiou    of    Aphenaia    Kbouldj 
prove  to  be  correct,  it  will  aflord  a  simple  explanation 
of  a   class  of  cases  which  many  have  deemed  to  be  as 
puzzling  as  tbey  were   in  tbe  estimation  of  Trousseau*] 
What  bas   been  said  on  tbis  subject  will  bave    sufficoitl 
to    show  their  relationship   with    those  cases  in  wbic] 
tliere  is  nnquestiouably  a  mere  difficulty  in  articulatioi 
either  complicating  an  ordinary  attack  of  Hemiplegia,  or' 
forming  part  of  a  dcgenerativo  disease  of  tbe  Medalla* 
known   as  *  Glosso-laryngeal  paralysiK*.     On   tbe    andei 
standing    that   it   may   bo    *  complete '   or  'incomplete,' 
Aphcmia  is  a  term  broad  enough  to  include  all  these  varie»j 
ties  of  mere  loss  of  Speech  or  difficulty  of  Articulation. 


CnAPTER  XXX. 

FDIITHER    PROBLEMS   IN   RBOARD    TO    TUIC     LOCAUZATXCN    OF 
HIGHER   CERKBRAL    FUNCTIONS. 


The  study  of  tbe  various  defects  of  Speech,  and  of  lutelloo- 
tual  Expression  in  general,  produced  by  Cerebral  Disease 
is  of  great  importanco  in  many  ways.  An  accamulaliou 
of  inBtjinces  luore  or  loss  crudely  obtervcd  must  almost 
necessarily  precede  the  attempt  to  analyze  and  classify 
tbeso  various  defects.  Thereafter  observers  will  work 
better  and  with  more  chauco  of  success  in  two  directions. 
They  will  (1)  have  learned  mure  fully  how  to  obsen-e  such 
cases,  that  is,  what  is  specially  to  be  looked  for  in  Ibo 
way  of  ability  or  defect  in  persons  so  affected  ;  and  (2)  they 
may,  whenever  the  precise  mental  defects  manifested 
during  life  have  been  clearly  reco^ized  and  recorded,  as 
the  occasion  arises,  note  with  nioi-e  hope  of  profitabia 
Bcientific  result  the  exact  region  of  the  Brain  which  has 
been  damaged. 

The  error  of  massing  together  all  the  varieties  of  *  loss 
of  speech '  under  one  name,  snch  as  *  Aphasia/  and 
then  altoge!her  rejecting  doctrines  of  Cerebral  Localiza- 
tion, because  tbe  lesions  in  such  dissimilar  cases  hava 
not  always  been  found  in  some  one  part  of  the  Brain,  is 
manifest  and  absurd,  and  yet  it  is  ouo  which  has 
been  too  often  repeated  in  recent  years.  Even  such  an 
accomplished  physician  as  Trousseau  spoke  of  a  represen- 
tative case  of  Amnesia  as  a  typical  instance  of  Aphasia, 
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and   based  bis  explanation  of   tbe  Aphasic  condition 
good  deal  npon  tbe  pLennniena  by  wbicb  it  was  charac- 
tcrizod.      Thia   niassiDg   togetlier,  uuder  ono   name,  of, 
wboUy  dissimilar  defects,  and  the  confusion  thus 
would  of  course,  so  long  as  it  kstcd,  eflcclually  defeat 
attempls  RtCerebrcl  Local  ization. 

It  is,  therefore,  absolutely  necessary  if  furtlicr  Advan< 
is  to  be  made  iu  rcfjurd  to  tbe  'localization'  of  higb< 
Cerebrul  Functions,  first,  tbat  we  sbould  learn  carefully 
discriminate  tbe  different  Spcocb-defects  from  one  anothc 
during  life;  and,  secondly,  tbat  wbere  opportunities  occar^ 
the  locality  of  lesions  sbould  bo  principally  observed 
recorded  in  typical  and  uncomplicated  cases. 

A  fi'W  brief  additional  details  (beyond  tboso  wbici 
has  been  found  convenient  to  mention  in  tbe  last  cbapter) 
will  now  bo  given  as  to  tbe  extent  of  knowledge  already 
garnered  witbin  this  second    sphere  of  observation  am 
inference — wbicb,  though  not  at  present  c^-exteusive  wit] 
the  other,  nevertheless  includes  some  facts  of  a  mthcc] 
startling  description. 

In  1625,  Bonilluud*  anirmed  Ibat  tbe  Frontal  Lol 
of  the  Brain  were  tbe  parts  principally  concerned  with' 
Speech,  bccauso,  as  he  said,  these  were  the  organs  "for 
the  formation  and  recollection  of  words,  or  the  principal 
signs  which  represent  our  ideas/'  He  had  collected  Hi 
observations  of  disease  of  the  Frontal  Lobes  accompanici 
by  loss  or  defect  of  Speech,  and  upon  these  he  based 
views. 

Andral,  however,  in  1838,  recorded  fourt.een  cases  whei 
Speech  was  abolished  without  any  alteration  in  the  Frontal 
Lobes,  but  in  which  a  lesion  existe*!  in  the  Parietal  or  in 
the  Occipital  Lobes. 

•  "Traits  de  rEocuphulit^"  p,  284, 
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lu  1836  Dr.  Mure  Dux  culled  atLcution  to  the  great 
frequency  of  loss  of  Speech  in  association  \rith  right 
rather  than  with  left-eided  Piiralysis.  The  title  of  hia 
essay  was  this: — "Lesions  of  tho  left  half  of  the  Brain 
coinciding  with  the  loss  of  memory  of  the  Signs  of 
Thought.'*  •  In  su|!m>rt  of  this  view  that  loss  of  Speech 
depended  especially  upon  lesions  of  the  left  half  of  the 
Brain,  Dr.  Dux  brought  forward  140  observations. 

But  in  18ol,  Broctti  went  still  further.  \YbilHt  affirm- 
ing, with  Dr.  Mai'C  Dax,  that  the  left  Hemisphere  was 
the  one  principally  concerned  with  articulate  Speech,  ho 
precisely  deQned  the  seat  of  lesion  in  that  condition  which 
we  now  call  Aphasia  as  *'  tlm  posterior  part  of  the  third 
frontal  convolution  of  the  left  hemisphere,^* 

This  view,  originally  based  upon  a  very  small  number 
of  cases,  was  received  at  first  with  tho  greatest  surprise  and 
scepticism.  It  was  thought  by  many  to  bo  most  improbable 
tliat  such  a  faculty  as  Speech  should  depend  upon  the  in- 
tegrity of  one  small  portion  of  only  one  of  the  two  Cerebral 
Hemispheres.  Yet  by  reason  of  the  observations  which 
have  accumulated  during  the  last  eighteen  years,  it  is  now 
admitted  by  most  of  those  who  arc  best  entitled  to  judge, 
that  Broca's  locali^.ation  is  in  a  certain  sense  correct,  and 
that  in  the  instances  of  real  typical  Aphasia  the  lesion  is, 
in  a  large  majority  of  eases,  found  to  involve  the  posterior 
part  of  the  third  frontal  gyrus  on  the  left  side,  or  else  the 
immediately  subjacent  white  substance  intervening  between 
this  convolution  and  the  Corpus  Striatum.  The  reason  why 
lesions  in  other  parts  may,  according  to  their  sitaation, 
cither  occasionally  or  invariably  lead  to  a  more  or  less 
similar  Speechless  condition,  is  a  question  upon  which  we 
Bhall  hope  to  throw  additional  light  in  this  chupler. 

•  Kepubliehed  in  the  "  Gaz.  Helxjoumd.."  April  28.  1865. 
t  "  Bulletin  de  la  Soc.  Anat*jm./*  Ang.  ami  Nov,,  18'Jl. 
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Jlony  caaes  are  on  record  in  irhirh  m  Itsion  of  the 
pofiterior  piui  of  tbe  third  CronUl  g^rat  of  the  ri^t 
Hemisphere  hu  cuRtcd,  vtthoat  prodacing  unj  loss  of 
Spe«ch.     So    that    we   hmve  both   pontite  «fid  ne^itra 

evidence  In  fuvoor  of   Broca*B  aasociAtion   of  the 
of  Articalate  Speech  with  the  integritj  of  the  third 
frontal  couTolulion,  especiailj  if  we  extend  the  dcptfa 
the  r(<;^on   cited  hj  him   so  as  to  make  it  inelnde 
oatj^oing  lihres  from  thi^  part  of  the  third  Crontal 


Aa  IM.  — Brein  or  «  Woman  wbr>  milhnd  from  AftatiM,  •l»A«ti«  ttir  iwen  W 
^J"***  **>  **'«  P-terioT  j»rt  of  tb«  itdM  /rociUl  CaawlutiMi    fP»T«tk-.< 
•^Biaumi."  X«Rfa  10,  is:*,  p.  400. 


It  i«,  however,  also  trae  that  in  a  certain  small  pi 
portion  of  cases  a  similar  condition  of  Pj)oechlesfineB8  hi 
heen  indnced  where  a  lesion  has  bc<^n  fonnd  in  the  coi 
sponding  parts  of  the  right  Hemisphere.     In  some 
these  exceptional  cases  the  persons  have  been  left-lmndc* 
though    in    others    even  this  reason     for  the   change 
sides  has  been  absent.     The  writer  has  himself  met^'wil 
a  most  typical  instance  of  tliis.     But  it  is  of  import.«Ji« 
to  note  that  even   iji  these  very  exceptional  cases,  thonj 
the  Bido  affected   has  been  different,  Speech  has  eqnal 


I 
I 

I 


I 
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beoij  lost  by  a  uuLlatoral  damage  of  tlie  same  definite  and 
extremely  limited  region  of  the  Hemisphere. 

Tbas  it  wonld  follow,  that  the  motor  incitations  sntfic- 
ing  to  call  the  articulntory  ccnti-es  into  activity  during 
Speech,  arc  accustomed,  in  the  large  majority  of  cases,  to 
emerge  from  the  third  frontal  g\Tus  of  the  left  side:  though 
in  a  Bmall  minority  of  persons  it  may  happen  that  tlio 
efTeotive  motor  stimuli  are  wont  to  pass  off  instead  from 
tlie  right  third  frontal  gyrus.  The  halves  of  the  hilateral 
Articulatory  Centres  in  the  Pons,  Medulla,  and  upper 
part  of  the  Spinal  Cord  are  so  welded  together  hy  com- 
missures that  each  of  them  practically  constitutes  one  double 
Centre.  And  tliese  may  (after  the  manner  of  such  bilateral 
Centres)  he  incited  to  action  hy  stimuli  coming  through  the 
Corpus  Striatum  cither  from  the  left  or  from  the  right 
Cerebriil  Hemisphere — though,  as  a  matter  of  fact,  as 
above  stated,  such  stimuli  seera  to  reach  it,  in  the  large 
ninjority  of  persons,  from  the  left  side  of  the  Brain. 

But  if  bilaterally-acting  muscles  are  always  in  associj'.- 
tioQ  with  closely  welded  bilateral  Motor  Centres,  and  if 
such  Ceutres  may  generally  he  called  into  activity  by 
stimuli  reaching  them  from  either  side  or  from  both  sides 
simultaneously,  then  the  habitual  excitation  of  the  Speech 
Centres  and  their  related  muscles  from  the  left  side,  must 
be  regarded  as  a  remarkable  peculiarity. 

There  is,  however,  some  reason  for  believing  that  if  the 
habitual  outgoing  channels  of  the  left  side  are  damaged 
(so  that  Speech  has  been  lost),  the  route  for  stimuli  from 
the  ri^ht  third  frontal  gyrus  to  the  corresponding  Corpus 
Btriatum  may,  under  certain  circumstances,  bo  more  effect- 
ively opened  up,  so  that  the  power  of  Speaking  is  after  a 
time  regained.  In  such  a  case  the  stimuli  would,  of 
course,  impinge  upon  the  right  rather  than  upon  the  loft 
side  of  the  lower  bilateral  Articulatory  Centres. 
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Bfo*dbeni  indeed  maintaiM  thai,  «8  a  rule,  lorn  of 


Speech  »  oalj  iempovBiy  villi  Iohmu  of  the  left  Cerpoe 
Sifislnm,  or  oC  tboee  perU  of  tlie  emitting  fthiee  from  tbe 
tbiid  frooUl  gjma  vfakh  are  eontigiiafiu  to  Uui  budy.  And 
lie  ingenioasly  attempU  to  eipktn  its  — ppoeed  eywdy 
mlantion  in  tbese  cues.  If  llie  left  tUei  firofbtel  gytss 
be  itself  ODdameged,  end  if  the  fibrve  of  tbe  Coffpve 
r^ilnm^ww*  which  extend  fiora  ii  to  the  ngkk  third  fiantad 
gyrus  be  intset,  then  the  outgoing  stimnii  net  being  aUn 
to  lake  their  nsnal  ooorse  may,  be  thinks,  find  their  *  nny 
round '  from  the  left  to  tbe  right  third  froolsl  and  thaicn 
dovnwarda  to  the  Corpos  Striatnm  of  the  right  Mde.* 
In  these  eaMS  loss  of  Speech  voold  possibly  only  exist 
for  a  feir  weeks,  till  the  new  route  sod  new  HMde  of  action 
eonld  be  IborDUgbly  opened  np  and  estsUiiliBd.-t  It  is 
difficult,  boweTer,  to  anderstand  bow  tbe  prenoos  edoen- 
tion  and  or^nixatioa  of  this  right  Cotpna  Strasftan  can 
bare  been  broogbt  op  to  tbe  stage  necessary  to  enable  it 
speedily  to  assume  soch  faDctioDS,  il^  to  take  tbe  moSl 
favoarsble  sappofdtion,  only  feeble  and  ineflectire  stimidt 
hare  prerioasly  been  reaching  it. 

There  are  difficalties  also  in  tbe  war  of  the  seoepUnM 
of  some  of  tbe  reasoning  upon  which  this  thoorr  is  baaed. 

*  Inalfilitr  od  th«  pirt  of  an  Aphasie  penoa  to  learn  to  Speak 
tffjm  the  right  riJe  of  the  Braia  would  thai  be  foaad  to  dfpead 
upon  ooQilitioDii  precxselj  anaiogoaa  to  tho««  prodoong  in  a  riatbt* 
tided  fieniplegic  an  inability  to  learn  to  Write  trilb  tbe  left  faaod 
(i^,  from  the  right  aide  of  the  Brain).  Speech  wonld  be  impne- 
iiille  if  tbe  AaditoiT'  Centre,  and  Wnting  would  be  impwrtJo  tf 
the  Vi«iial  Centre,  in  (he  left  Hemisphere  wete  deatixiyed;  or, 
Riuilnr  dUalnlities  woaM  exut  if  the  GbreB  of  tbe  Cgqnn  CalW* 
•um  re«prcUVel5  ooonectinfv  either  of  these  left  Oeatra  with  iu 
oorreepondinf^  Centre  of  the  opposite  Heafiaplim  wcie  est 
by  di<ea»e. 

t  ''BHt.Ued.JrBl,"April8,l$76.p.43&. 
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Broadbcnt  says: — '*In  its  first  attempts  to  talk  the  cliild 
is  iuilucuced  by  imitation  and  guided  by  the  ear;  that  is, 
ns  tho  grouping  of  tbo  motor  cells  of  the  cord  is  effected 
tbroiigb  the  seusory  cells,  by  coll  processes  passing  from 
the  posterior  to  the  antorior  uorxe  nuclei,  so  the  grouping 
of  the  cells  in  the  corpus  strtutum  will  be  effected  through 
the  cells  of  the  auditory  perceptive  centre  by  means  of  tho 
fibres  connecting  together  tho  two.  .  ,  .  And,  as  the 
motor  nuclei  of  the  cord  can  still  be  employed  in  reflex 
action  through  the  sensory  nuclei,  as  well  ns  in  voluntary 
motion  by  means  of  desconding  tibres  from  the  corpus 
striatum,  so  may  the  icord  groups  in  the  corpus  striatum 
he  reached  imltativdij  thrnufjh  the  atiditort/  perceptive 
centre^  as  well  as  throufjh  the  third  frontal  *;//ras."  Con- 
sequently he  assumes  that  there  is  a  double  action  of  a 
consensual  character  from  both  Auditor}'  Centres,  and  that 
in  the  early  'imitative'  Speech-processes  these  parts  would 
both  react  upon  their  respective  Corpora  Striata.  There 
is  also,  as  he  thinks,  a  higher  or  volitional  unilateral 
action  through  the  left  third  frontal  gyrus — an  action 
^vhich  is  unilateral  because,  as  he  puts  it,  "  The  loft 
homispiiero  alono  is  educated  for  intellectual  expression." 

But,  Seusori-motor  and  Ideo-niotor  acts  of  Speech  are 
dependent  upon  procesaea  occurring  (in  a  slightly  different 
manner)  in  identically  the  same  cerebral  regions — and  these 
would  correspond  with  liroadbont's  *  imitative  *  modes  of 
Speech.  Yet,  as  the  writer  has  previously  endeavoured  to 
show  (pp.  550-557),  no  valid  demarcation  can  bo  estab- 
lished between  Ideo-motor  and  Voluntary  acts  of  Speech, 
and  the  distinction  conferred  upon  the  latter  by  the 
addition  of  an  *  emotion  of  desii-e  *  does  not  make  it  the 
less  necessary  fur  the  outgoing  stimulus  primarily  to 
pass  off  from  the  Auditory  Centre;  nor,  on  the  other 
handy  is  there  any  distinct  evidence    to  show  that  the 
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incitations  in  '  imitative '  Speech  do  not,  liko  those  in 
Voluntary  Speech,  also  find  their  'way  out'  through  the 
tbird  frontal  gyrus.  In  fact,  we  have  every  reiihon 
heUove  thut  the  route  from  the  Auditory  Perceptive  Cen1 
to  the  Corpus  Strintum  is  one  and  the  same  for  evci 
kind  of  Speech,  whether  its  mode  of  iucitution  nifty 
strictly  'imitative/  Idco-motor,  or  distinctly  VolitionaU 

This  latter  concluHion  is  found  to  he  in  accordani 
with  the  evidence  derived  from  disease.  No  fact  has  Ih'i 
more  certainly  established  in  regard  to  Aphasic  patienli 
than  that  there  is  in  them  a  loss  not  only  of  VolnntaryiJ 
but  of  Idoo-motor,'*and,  to  just  as  mnrkud  an  extent, 
loss  of  *  imitntive  *  Speech.  A  really  Apbanic  patiei 
cannot  copy  the  simplosb  word  or  vowel  sound,  wbich  hi 
has  just  heard,  nor  does  ho  even  do  it  unbidden  and  ecb< 
like,  in  the  most  purely  imitative  reflex  style. 

OtJiers  a-'ain  have  asBiimed  tbat  a  separate  route  oxikI 
by  wLich  Emotional  stimuli  may  be  transmitted  to  tb< 
lower  ccntrea  for  Articulation  in  the  Pons  and  Medulla, 
without  passing  through  the  Corpus  Striatum,  simpi 
because  Apbasic  patients  occasionaUy  utter  now  words 
an  interjectioniil  order — as  oaths,  or  such  phrases  as  '< 
dear!*  •Thanks!'  and  other  simple  exclamations,  nnd< 
the  influence  of  a  strong  emotional  stimulus.  £von  fc 
this  kind  of  connection,  however,  no  independent  evident 
exists  (see  p.  580} ;  and  perhaps  the  facts  can  be  equally 
well  explained  by  the  supposition  that  Emotional  stimuli 
of  greater  energy,  or  which  emanate  from  a  wider  area, 
may  occasionally  force  their  way  through  damaged  tracl 
the  resistance  in  wbich  could  not  be  overcome  by  mcJ 
Volitional  stimuli. 

As  to  the  causes  which  have  dctcrniiiied  the  gn»ater 
almost   exclusive   influence   of   the   left  llemispbero 
inciting    Speech-movements,   only    conjectures    can    bo 
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offered.      It    Ims    been    tbongbt    tLat   a    c<?i*titin   more 
forward  condition  of  development  of  ths  left  hemisphere 
— as  a  result   of  hereditary   riglit-hnndedncss    recnrring 
through    generation   after    generation — might   gradually 
become  suHicient  to  cause  the  left  Hemisphere  to  '  take 
the  lead '  in  the  prodaction  of  Speech-movements.     Somo 
little  evidence  exists — though  at  present  it  is  very  Bmatl 
— to  show  that  it   is  left-handed   people  more  especially 
who  may  become  Aphasic  by  a  lesion  of  the  Tight  third 
fi'ontal  gyrus.     It  is  practically  certain,  indeed,  that  tho 
great  prcpduderancu  of  right-hand  movements  in  ordinary 
individuals  must  tend  to  produce  a  more  complex  organ- 
ization of  the  left  than  of  tho  right  HemiNpboro,  and  this 
bulk  in  its  sensory  and  its  motor  regions.     We  may  con- 
fidently look  for  the  existence  in  it  of  the  organic  basis 
of  a  vastly  greater  and  more  complex  Tactile  experience ; 
and  as  movemcutH  of  the  riglit  arm  and  hand  are   moro 
frcquout,  both  as  associated  factors  of   this   experience 
and  in  other  ways,  wo  have  also  a  rij^ht  to  expect  that  the 
KinfGsthetic   Centres   will    be    similarly  developed    to  a 
notably  greater  degree  in  the  left  Hemisphere.    And  as  a 
matter  of  course  also    the  nervous   mechanisms  for  tho 
movements    with   which    these   sensory   impressions    are 
associated  would  be  much  more  complex  in  the  Motor 
Ganglion  of  tho  left  than  in  that  of  the  right  Hemisphere. 
Many  years  ago,  moreover,  the  writer  ascertained  a  fact 
which  at  the  time  seemed  very  difficult  to  understand — 
viz.,  that  the  specific  gravity  of  the  cortical  Grey  Matter 
of  the  Brain  in  left  frontal,  parietal,  and  occipital  regions 
is  often  distinctly,  though  slightly,  higher  than  that  from 
corresponding  regions  of  the  right  Hemisphere,*     But 
such  an  increase  in  specific  gravity  might  bo  produced  by 

*  See  a  paper  "On  the  Specific  Grayity  ol  tho  Uaman  Draia," 
in  "  Jnil.  of  Mental  Science,"  1806.  pp.  28,  32. 
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the  existence  of  tlie  (;i*eat43r  namber  of  cells  and  coi 
Bural  fibres  which  the  extra  sensory  and  dmvolive  fane- 
tiouB  above  referred  to  would  probably  entail,* 


Having  conHidcred  some  of  the  questions  of  cereliriil 
localization '  rclutiug  to  the  production  of  Aphemia, 
Agraphia,  and  Aphasia,  something  iuu;8t  now  be  said  in 
regard  to  the  seat  of  lesions  productive  of  the  very  vari< 
conditions  comprised  under  the  term  Amnesia. 

Our  knowledge  on  tliis  point  is  at  present  rather  ti 
and  indefinite,  since  it  is  only  qnite  reecntly  that   tl 
ncecfisity  of  not  confounding  such  cases  with  Aphiihia  hi 
been  at  all  generally  recognized.     Moreover,  no  distini 
attempt  has  hitherto  been  niudo  to  analyse  and  clossil 
the  various  conditions  comprised  nnder  this    one 
'  Amnesia.*      Much  more  will  doubtless  soon  be  a^cei 
tained,  in  reference  to  this  subject,  by  future  workci 
especially    when    the    examination    of    cases    is    moi 
thoroughly  and  systematically  undertaken.! 

Still  the  knowledge  we  possess  of  Amnesic  conditioni 
as  well  aa  of  the  dintribution  of  *  ingoing  *  fibres  in  theU 
passage  from  the  base  of  the  Bniin  to  the  Convolutioi 
already  enables  us  to  point  roughly  to  the  ncighbourh< 
in  which  lesions  or  injuries  would  be  likely  to  pi 
defects  of  Speech  and  Writing  of  this  type. 

Lesions  of  the  con  volutions  aboat  ike  posterior  extte'i 

•  Sec  also  pp.  3(i0-t0*. 

t  la  nil  cases  of  Amnma,  or  of  mixed  Apha&ia  and  Amnesia, 
dctaiU  Hliotild  among  otbcr  things  always  be  ^riven  in  reference  to 
the  following  points: — (I)  The  patient's  ability  to  uDdemtand 
Hpoken  words  (not  being  deaf );  (2)  to  repeat  sounds  or  words  when 
requested;  (3)  to  write  from  dictation ;  (4)  to  nnderstAnd  vul_ 
tberttore  to  |K'inl  out  printed  letters  and  words  (not  being  blind] 
{5)  lo  copy  wntt«n  words,  or  printed  words  into  nrritU'n  w( 
Aud  {0)  to  uamo  printed  letters  or  objects,  or  read  aloud. 
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of  the  Sylrian  F'tsmre  of  the  hft  If*'wis-phcre  will  pro- 
biibly  prove  aliuost  as  instrumental  in  pmduuinj^'  one  or 
other  varietv  of  Amnesia,  as  lesions  of  or  about  the  third 
loft  frontal  are  of  inducing  Aphasia.  In  Broadbent's  case 
(p.  G45)  the  lesion  was  found  in  this  re^'iou,  and  in  a 
fairly  typical  unpublished  example  of  Amnesia  the  writer 
has  also  recently  found  a  lesion  in  the  same  situation. 

The  reason  for  looking  to  this  region  will,  moreover,  be 
obvious  if  tho  reader  will  recollect  that  the  posterior  third 
of  the  peduncular  fibres  (that  is  of  the  so-called  *  interim] 
capsule  *)  spread  out  from  beneath  the  posterior  part  of  tho 
Thalamus  ;  and  that,  stretching  backward  and  outwards 
RCroKs  the  floor  of  the  lateral  ventricle  from  near  the  bcgin- 
ijing  of  the  descending  cornu,  they  disLi'ibutc  themselves  iu 
the  main  to  tho  Occipital  and  tho  Temporal  Convolutions. 
And  if  the  conclusions  of  Ferrier  in  regard  to  the  im- 
portant relations  of  tho  '  supra-marginal  lobule  *  and 
the  '  angular  gyrus  *  with  the  Visual  Centre,  and  of  the 
pobtorior  part  of  the  '  upper  tenjpitral  convolution '  with 
the  Auditory  Centre  should  prove  to  be  correct,  there 
would  be  these  still  more  precise  reasons  for  expecting 
to  find  the  lesions  productive  of  Amnesia,  with  some 
frequency,  in  or  about  tho  slluation  indicated.  Such  a 
*  localization  '  may,  therefore,  be  provisionally  entertained, 
and  no  more  promising  means  of  ultimately  ascertaining 
with  tolerable  certainty  tho  situation  of  tho  most  impor- 
tant parts  of  the  Visual  and  Auditory  Perceptive  Centres 
in  nifin  would  seem  to  present  thcmsclvefi,  than  tho  careful 
clinico-palholoprical  study  of  typical  Amnesic  cases  when- 
ever tho  opportunities  may  occur. 

Another  (jnestion  of  great  interest  now  arises,  and  that  is, 
whether  it  will  bo  found  that  lesions  productive  of  Amnesia 
are  also  in  the  main  limited  to  the  left  Hemisphere.  Soma 
eminent  observers,  such  as  Brown-Serinard  and  Hugh- 
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Hugs  Jackson,  belicvo  tbiit  a  limitutiou  of  this  kind  (It 
obUiu,     But  whilst  the  writer  freely  admits  that  Ic&ioni 
of  the  left  are  more  likely  to  bo  potential  than  those  o( 
the  right  Hemisphero  in  the  production  of  such  states,  U 
Bocms  to  him  that  both  facts  and  theory  tend  to  ne^iUve' 
the  idea  that  siinllar  defects  would  not  be  induced   by^ 
lesions  in  certain  parts  of  the  right  Hemisphere. 

It  will  be  found  that  many  such  cases  are  ali^ady  oi 
record — one   of  the  most  typical  being  that  of  Marcon/ 
as  given  by  Trousseau  (see  p.  G21).     And  if  we  bear  in 
mind   that  corresponding  Perceptive  Centres  in  the   tw( 
Ilemiaphorcs    are    almost   habitually   called   into   simol-l 
tuneous  activity,  and  are    in  structural  continuity  with 
one  another  through  the   Corpus  Callosum,  it  mij»ht  l>e 
expected   that   irritative    or    destructive   lesions  of    thu 
Auditory  or  the  Visual  Word-Centres  of  the  right  sid< 
could  scarcely  occur  without  producing  distinct  derange, 
ment,  at  all  events  for  a  time,  in  the  functional  activitj 
of  the  similar  centres  in   the  left  Hemisphere — wLieh, 
as    one    is    bound    to    admit,    seem    to    take    the    lea< 
in  the  expression  of  Thought  by  Speech  and  Writiii^i 
On  this  very  interesting  subject  much  further  informatioi 
is  needed,  and  we  have  previously  (p.  493)  had  to  reU 
to  the  doubt  that  exists  as  to  the  extent  to  which  on< 
Hemisphere  alone  may  suffice  for  ordinary  mental  activity^ 
It  may  fairly  be  expected^  perhaps,  that  Amnesia  prodai 
by  a  lesion  of  the  right  side  would  have  a  tendency  to 
more  temporary  than  such  a  condition  when  occasioned 
similar  lesions  of  the  left  Hemisphere. 

Finally,  another  consideration  of  some  importaoco  in 
couuccUon  with  '  cerebral  localizations  *  now  suggests 
itself.  The  condition  of  Amnesia  may  merge  by  iusensiblo 
gradations  into  one  of  Aphasia — so  that  the  latter  stat«, 
with    certain   extra   peculiarities,  may  at    times    reel 
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from  a  lesion  altogether  away  from  the  third  left  frontal 
gpus,  if,  as  WQ  at  present  suppose,  the  regions  in  which 
leBJonB  have  tlto  grcatout  tendency  to  prodaco  one  or 
other  of  the  forms  of  Amnesia  should  bo  sitaated  around 
the  posterior  extremity  of  the  left  Sylvian  Fissure. 

This  may  bo  easily  anderstood.  Suppose  a  person  to 
he  snfl'erinf;  from  a  defective  activity  of  the  Auditory  Word- 
Centro,  ao  that  Names  cannot  be  recalled  *  voluntarily'  or 
by  '  asBOciation.'  There  would  already  be  f^reat  hesita- 
tions and  difficulties  in  tho  expression  of  Thoughts,  both 
iu  Speech  and  in  Writing.  But  suppose  this  mere  defec- 
tive activity  to  be  replaced  by  actual  destruction  of  the 
left  Auditory  Word-Centre,  so  that  its  functional  activity 
became  entirely  lost :  words  could  then,  of  course,  neither 
bo  recalled  *  voluntarily  '  nor  by  *  association  * ;  and  atill 
further,  they  could  not  be  perceived  and  consequently  could 
not  be  imitated.  An  individual  thus  affected  would  neither 
bo  able  i-o  Spuak  nor  to  Write,  that  is,  he  would  be  com- 
pletely Apltasic — with  the  superadded  peculiarity  that  he 
would  not  readily  comprehend  spoken  and  perhaps  written 
Languar^e.  The  latter  ability  might  persist  to  some  extent, 
because  tho  molecular  equilibrium  of  the  Auditory  Word- 
Centre  and  of  tho  related  Visual-Centre  of  the  opposite 
Hemisphere  mif:;ht  not  be  sufficiently  disturbed  to  prevent 
all  apprehension  of  spoken  or  of  written  symbols.  We 
might,  iu  fact,  have  in  such  a  case,  tho  production  of  a 
complex  Aphasio  condition  almost  precisely  similar  to  that 
mot  with  iu  the  girl  whoso  case  was  recorded  by  Bazire, 
(p.  653)  or  even  one  like  that  recorded  by  the  writer  at 
p.  655,  and  yet  such  an  Aphasic  condition  might  have 
been  caused  by  a  lesion  far  away  from  the  left  third  frontal 
convolution.  And  if  this  were  so,  such  cases  might  have 
heen  quoted  with  much  apparent  efiect  against  existing 
doctrines  in  regard  to  'cerebral  localization.' 


I 
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Similarly,  it  is  possible  tbut  Agraphia,  accompauted 
by  *  word-blindness/  might  result  from  a  Jcsion  of  Uio 
left  Visual  Word-centre,  and  tbat  tbc  site  of  such  lesion 
mi;j;lil  bo  contiguoiiH  to  the  posterior  extremity  of  the  left 
Sylvian  Fissure. 

Aphemia  (that  is,  mere  loss  of  Speech)  could  not  bo 
produced  by  a  lesion  of  this  re^on  of  the  Brain,  becanso 
destruction  of  the  Auditory  Word-centre  would  destn»y 
the  revival  of  words  for  spontaneous  Writing,  as  well  as 
for  Speech — so  that  the  double  condition  Aphasia  (or 
an  approximate  state  in  which  '  imitative  '  Writing  only 
is  possible),  would  necessarily  result,  instead  of  the  more 
special  Aphemic  state. 

It  is  clear,  also,  that  if  important  tracts  of  the  Auditory 
and  Visual  AVord-Centres  are  in  re4ility  situated  somewhere 
about  the  end  of  the  Sylvian  Fissures,  and  if  the  Kin- 
aesthetic  Word-Centres,  both  for  Speech  and  Writing,  are 
situated  in  or  somewhere  in  the  neighbourhood  of  the 
third  frontal  eonrolutious.  Aphasia  might  in  addition 
be  caused  by  lesions  cutting  across  the  commissural 
fibres  in  any  part  of  their  course  betwc>en  these  pairs 
of  centres. 

Clearly,  if  stimuli  caused  by  the  mental  revival  of 
words  do  not  (a)  issue  from  the  Auditory  and  Visual 
Word-Ccutrcs ;  if  they  (6)  are  stopped  on  their  wuy  there- 
from  to  the  corresponding  Kimesthetic  Word-Centrea;  or 
(r)  if  they  are  stopped  in  or  on  the  other  side  of  these  latter 
Centres,  that  is  on  their  way  to  the  left  Cori)U8  Striatum, 
the  result  would,  in  each  case*  be  the  production  of  Aphasia^ 
although  the  situations  of  the  lesions  in  these  c&scs  would 
be  altogether  different.  In  the  first  case,  too,  we  should 
have  Aphasia  with  much  mental  impairment ;  io  the 
second  case  we  should  have  Aphasia  with  trifling  mental 
impairment ;  whilst  in  the  third  case  we  should  have  tha 
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typical  Aphasia,  iu  which  little  or  no  mental  degvadation 
18  to  be  detected. 

This  being  trae,  a  general  law  may  provisionally  be 
formulated,  as  a  future  working  hypothesis  :  that  the  ten- 
denaj  to  mental  impairment  with  Aj^hasiUf  and  the  dcijrce  of 
sut'h  impairment^  tcUlt  other  thimfs  bcinrj  equals  increase 
aslemionsof  the  left  Hemisphere  recede  in  site  from  the 
*  third  frontal  rou  volution'  and  approach  the  Occipit^d  Lohc. 
The  general  doctrine  of  Marc  Dax  seems  to  be  justitied, 
whiiKt  Broca's  more  special  loealizatiou  must  be  held  to 
hold  good  only  for  one  particular  though  very  common 
form  of  Loss  of  Speech — or,  to  nso  the  broader  and  more 
accurate  phraseology,  loss  of  the  power  of  Intellectual 
Expression. 

The  coDclusiona  a]>0T0  arrived  at  are  found  to  afford  a 
new  and  quite  uiilookcd  for  confinriation  of  the  view 
already  announced  as  to  the  special  frequency  with  which 
lesions  of  the  Occipital  Regions  of  the  Hemisphere  are 
apt  to  be  associated  with  marked  mental  degradation  ;  they 
will  hIho  teud  to  make  us  appreciate  more  fully  the  real 
validity  of  the  objections  raised  by  some  against  the 
doctrine  that  the  posterior  part  of  the  left  *  third  frontal 
gyrus  *  ia  the  region  always  damaged  in  cases  of  Aphasia  ; 
and.  they  may  pave  tho  way  for  new  and  more  exact 
differential  observations,  by  means  of  wliich  alone  we  can 
expect  to  make  real  progress  in  a  task  of  extreme  diffi- 
culty, in  which  we  are  now  only  breaking  ground  in  a 
tentative  manner — that  is,  in  the  endeavour  to  determine 
what  kind  of  functions  are  principally  carried  on  in  dill'cr- 
eut  reflfions  of  the  Cerebral  Cortex, 


If  we  have  said  nothing  in  regard  to  the  *  localization  • 
of  certain  higher  Intellectual  and  Moral  Powers,  the  reason 
for  this  will  bo  obvious  to  all  thoughtful  readers.     No  step 
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can  be  taken  witb  any  cbaucc  of  snccess  in  this  dlroclion 
till   tliG   preliminary  enqinrics  to  which  we   liftve   been 
devoting  our  attention  have  beou  reduced  to  a  more  settleij 
condition.     Tiie  foundations  of  the  subject  must  clearly 
"be  laid  before  we  can  bef^n  to  rear  a  superstructure. 

Yet  that  every  higher  Intellectual  and  Moral  Process — just 
as  much  fts  every  lower  Sensorial  or  Perceptive  Process- 
involves  the  activity  of  certain  related  cell  and -fibre  net- 
works in  the  Cerebral  Cortex,  and  is  absolutely  depeudeutj 
upon  the  functional  activity  of  such  networks,  the  wril 
firmly  believes.  Ho,  however,  as  decidedly  rejects  the 
notion  which  some  would  associate  with  such  a  doctrine, 
viz.,  the  supposition  that  Human  Beings  are  mere  '  Con- 
scions  Automata.' 

It  must  be  conceded  that  if  Conscious  States  or  Feelings^ 
have  in  reality  no  bond  of  kinship  with  the  moleeolar 
movements  taking  place  in  certain  Nerve  Centres ;  if  ihey, 
are  mysterioufily  appearing  phenomena,  diHering  absolutely] 
from,  and  lying  altogether  outside,  the  closed  'circuit 
motions'  with  which  they  coexist,  no  way  seems  open  by' 
which  such  Conscious  States  conld  be  conceived  to  affect 
cr  alter  the  course  of  such  Motions.  The  logic  of  thia 
seems  irresiKtible.  The  conclusion  can,  indeed,  only  be 
avoided  liy  a  repudiation  of  the  premises :  and  this  the 
writer  does.  He  altogether  rejects  the  doctrine  that  there 
is  no  kinship  between  States  of  Consciousness  and  Nerve 
Actions,  and  consequently  would  deny  the  view  that  the, 
'causes*  of  Conscious  States  lie  altogether  outside  the  ci 
cuits  of  Nerve  Motions. 

Consciousness  or  Feeling  mast  be  a  phenomenon  hanoj 
a  natnral  origin,  or  else  it  mast  be  a  non-natural,  non« 
material  entity.     For  reasons  which  have  Iteen  set  fort) 
in  various  parts  of  the  present  volum€  the  writer  sdopi 
the  former  of  those  views. 
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It  is  commonly  bolieved  that  *  Vwiwjf  matter '  has  uow.  or 
ha8  httd  iu  piist  times,  a  untural  origiu  ;  Nerve  Tissues  uho 
have  a  natural  origfin  in  or  from  elemental  forms  of  *  living 
nmtter ';  and  if  Conscious  States  or  Feeling  are  admitted 
to  be  an  appanage  only  of  Nervo  Actions,  so  also  (as  far  as 
we  can  ascertain)  does  their  mode  of  appei*.rance,  thoir  in- 
crease in  intensity,  their  modiliability  by  ajjents  modifying 
the  nerve  tissues,  and  the  limitation  by  which  they  occur 
only  in  associatiou  with  certain  nerve  actions  taking  place  in 
the  higher  and  most  complex  of  an  animal's  Nerve  Centres, 
harmonize  with  the  notion  that  they  are  in  some  way  nn 
actual  outcome  of  such  Nerve  Actions — -no  more  capable 
of  being  dissevered  from  the  physical  conditions  on  wliich 
tliey  depend,  than  is  Heat  to  be  dissevered  from  its  physi- 
cal conditions  (see  p.  142).  To  say  that  Heat  is  a  '  mude  of  I 
motion/  takes  for  granted  the  undorlyiug  fact  that  wo  can- 
not have  motion  except  through  a  something  which  moves. 
Heat  has  no  abstract  and  isolated  existence  as  an  entity. 
Consciousness  also  is  a  result  of  a  something  which  movcis. 
But  just  as  it  ia  the  very  material  motions  on  which  Heat 
depends  which  do  the  work  asciibed  to  Heat,  so  do  the 
very  material  motions  on  which  Consciousness  or  Feeling 
depends,  do  the  work  which  we  ascribe  to  Feeling.  These 
particular  motions,  be  it  remarked,  enter  as  components 
into  the  'circuit  of  motions'  constituting  Nerve  Actions, 
and  may,  therefore,  easily  co-operate  as  real  motors. 
Hence  it  is  that  States  of  Feeling  may,  iu  very  truth, 
and  in  accordance  with  popular  belief,  react  upon  Nerve 
Tissues  so  as  to  alter  the  molecular  motions  taking  place 
therein.  Feelings,  whether  purely  personal  or  of  the 
moral  order,  thus  have,  as  they  seem  to  have,  an  indubi- 
table eOect  in  modifying  our  Intellectual  Operations,  our 
Volitions,  or  our  Movements. 

To  show  how  these  particular  motions  in  Nervo  Tissao 
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arise  wLich  nnderlie  CoDscioas  Statoe,  Riid  bow  tbej  ftgnin 
subside  into  more  ordinary?  norvc  actions^  mnst,  from  Uio 
Tory  nature  of  the  problem,  ever  remain  impossible.  Bat 
we  certainly  should  not  on  this  account  allow  onrnelveB  to 
be  mentally  piirulysed  by  a  belief  in  the  existence  of  a 
meta]}Lysical  gulf  botween  what  is  termed  the  Subjec- 
tive and  the  Objective — the  'Ego' and  the  *  Non-Ego.* 
Yet,  even  some  believers  in  the  philoRophy  of  evolution 
have  thus  been  led  to  deny  the  natural  ori)^  of  Con- 
scious States,  and  have  as  a  consoqaenoe  foand  them* 
selves  forced  to  hold  a  doctrine  of  Ihoroupbjroinjj  '  Auto- 
matism * — one  in  which  all  notions  of  Free  Will,  Duty, 
and  Moral  Obli^tion  would  seem  from  this  theoretical 
basis  to  be  alike  consigned  to  a  commou  <:;rave,  together 
with  the  underlying  powers  of  self-edacntion  and  self- 
con  trol. 
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VIEWS  CONCERNING  THE  EXISTENCE  AND  NATORB 
OF  A   MUSCULAR   SENSE*. 

AccoHDiso  to  Sir  William  Hamilton,  the  recognition  of  the  Mus- 
culur  Sense,  as  a  medium  ot  apfrehenaion,  wi^  oriKiually  madoj 
Borne  tliree  centaries  ago,  by  two  It^iUan  phyfticians.  It  was  « 
ni/wl  by  Julius  Cajsar  Scaligcr  in  1557.  und  at'tcrwarda  indepen« 
dently  by  Cresalpinns  ot  Arezzo  in  15fi9,  that  the*  exercise  of  our 
power  of  movement  is  the  mcana  whereby  we  are  enabled  to  esti- 
mate degrees  of  '  roBistiince/  and  tliat  by  a  (acuity  of  "active 
apprehension  "  wliich  was  by  them  contrfisted  with  touch  as  **  a 
ca]>aeity  of  tionitaiion  or  mere  consciousness  of  pEuision." 

A  fter  a  very  long  interval,  De  Tracy  (one  of  the  most  distingnished 
followers  of  Condilhic)  about  the  beginning  of  this  century,  more 
explicitly  develn])ed  this  conception  and  **  cstubUshed  the  distinc- 
tion between  active  and  paanivf  touch."  German  physiologi.sts 
and  psychologists  towards  tho  close  of  the  last  and  the  lieginning 
of  this  century  had,  however,  made  the  sumo  analysis,  and  "the 
active  touch  there  first  obtained  the  distinctive  appellation  of  the 
Musculur  Sense  (Muskelsinn)."  These  views  were  soon  after  in- 
troduced into  Scotland  by  Dr.  Thomas  Brown. 

Subsequent  variations  of  opinion  in  regard  to  the  Muscular  Sense 
are,  to  some  extent,  represented  by  the  following  quotations.  J. 
Miiller('*PhyBiologie,**  18;J5)  says:—"  Wehavea  very  exact  notion 
of  the  quantity  of  nerve  force  starting  from  the  brain,  which  is  necoa- 
sary  to  produce  a  certain  movement  ....  It  would  be  very  poastblo 
tliat  the  appreciation  of  the  weight  and  pressure,  in  cases  where 
we  raise  or  resist,  should  be,  in  part  at  least,  not  a  sensation  in  tho 
muscle,  but  a  notion  of  the  quantity  of  nerve  force  which  the  brain 
is  excited  to  call  into  action."  So«in  after  this  date,  we  find  Sir 
William  Hamilton  (1840).  in  his  '  Notes  and  Dissertations '  on  R«id, 
•  8m  p.  341. 
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niaintaiuing  that  tlio  notion  of  '  reBislunce '  or  *  weight'  is  a]>p 
hcuded  "through  the  hjconintive  fticidtif  ami  not  the  inttgctttat' 
fiens*'"  His  view  was  almost  preoiBoly  siiuilar  to  that  uf  Muller; 
for  whilat  holding  that  resistance  and  weight  are  Tncntinred 
prini*ij>ally  by  what  ho  terms  the 'locomotive  fucnlty,*ho  admits 
that  the  appreciation  by  this  faculty  of  the  greater  or  lew  force  of 
onr  "  mental  motive  energy  "  is  always  aceompanied  and  aided  "  by 
sensations,  of  which  the  ninscnlar  nisna  or  quiescence,  on  tlie  one 
hand,  and  the  rcBiuting,  the  pressing  body,  on  the  other,  are  tho 
cauBCB."  He  adds: — "Of  these  aensaliona.the  former,  to  wit, the  feel* 
ings  connected  with  the  states  of  tension  and  relaxation, Hf^  wholly  in 
the  muscles,  and  belong  to  what  has  sometimes  been  distingnished  as 
the  muscular  sense.  The  latter,  to  wit,  the  sensiitions  determiufti 
by  the  foreign  presenre,  lie  partly  in  the  8kin,  and  belong  to  t)»e 
sense  of  touch  premier  and  cntaneous  feeling,  partly  in  the  Hesh, 
and  Itelonging  to  the  muscular  sense.  These  affections,  sotiR'tinies 
pleasurable,  sometimes  painful,  arc,  in  either  case,  merely  mfxlitit.'a* 
tions  of  the  sensitive  nerves  distributed  to  the  muscles  and  to  tim 
slcin." 

This  opinion  that  we  appreciate  '  weight  *  or  '  resistance'  prin- 
cipally by  the  so-called  *  locomotive  faculty  *  wos,  a  little  later,  uUo 
favourably  regarded  by  Liidwig,who  says  ('Lehrb.der  Physiologic/ 
1852): — "It  is  conceivable  and  not  nnlikely  that  all  knowltnlga 
and  discrimination  arrived  at  through  the  exertion  of  the  voluntary 
muecJea  are  attained  directly  through  the  act  of  voltintary 
excitation,  so  that  the  effort  of  the  will  is  at  once  proceeded  on  n.^ 
a  means  of  judgment."  Prof  Bttin,  in  the  first  edition  of  hi« 
work,  •*  The  Senses  and  the  Intellect"  (IS-'ifi),  seemed  to  incline  to 
the  same  view,  though  hia  opinion  was  not  quite  adequately  ex- 
pressed. IIo  demurs  to  whut  ho  calls  Hamilton's  assumption  that 
**we  have  a  feeling  of  the  state  of  tension  of  a  muscle,  indepen- 
dently of  our  feeling  of  motive  power  put  forth-"  "It  may  be 
quite  true."  he  adds,  "  that  sensitive  nerve  filaments  are  supplied 
to  the  mnsclos  as  well  as  motor  filaments,  and  that  through  th*Hi© 
we  are  adected  by  the  organic  condition  of  the  tiHsne.  as  in  the 
first  class  of  feelings  above  described;  but  it  does  not  follow  that 
wt>  obtain  by  the  same  filaments  a  distinctive  feeling  nf  ihu  degree 
of  the  muscle's  contraction."  When,  a  few  lines  farther  on,  lUin 
si>eak8  of  "  a  sen»e  of  expended  energy"  as  *'  the  great  charoctrr- 
istic  of  the  muscular  consciousness,"  his  preci}«a  view  become* 
indistinct  and  somewhat  confused. 

Landry,  a  little  later  ('Trait<$  des  PuralysicV  1850),  relying  upon 
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pftlhologiraJ  as  well  ns  psychological  data,  Te-tiffirma  llic  same  Itind 
of  view  as  that  of  Hamilton  (doubted  by  Bain)  la  reference  to  the 
exifttence  of  impressioDs  jiddiog  feelings  of  tension  coming  from 
the  mnacles  bj  sensory  nerves;  only*  instead  of  regarding  (with 
Hamilton)  tbese  impreHsions  as  subsidiary,  ho  deems  them  all-im- 
portant, and  denieit  that  our  notions  of  resistance,  wci;;)it,  «&<;.,  can 
be  derived  from  auy  uier«  cerebral  jiroccRs,  or,  indeed,  from  iiny 
other  source  than  the  moving  parts  thenmolves.  He  says: — "Tbo 
etjo  has  a  direct  consciousness  of  the  phenomena  of  volition*,  it 
knows  immediately  that  thcra  has  been  a  voluntary  stimulus,  and 
to  vrhvX  part  of  the  body  it  is  directed;  as  to  the  etfects  produced 
it  is  only  mediately  informed  of  those  and  can   disregard  tliom 

Tlie  nervous  action  which  incites  the  movement  can  only, 

therefore,  furnish  to  consciouisncss  an  idea  of  the  volition,  and  not 

that  of  its  execution It  is  necei«silry  that  the  effect  of 

the  central  incitation  (the  contraction)  should  bo  produce*?  in  ord'-r 
that  the  brain  may  perceive,  and  then  it  ]H'rceive»,  at  the  suniH 
time,  both  the  scat  and  the  degree  of  contraction.  The  iHovrmrtU 
itself  ia.  therefore,  the  $owea  wftence  «?»  dvrivf  notions  of  lht»  kind,'* 
This  latter  part  of  the  view  of  Landry,  adverse  Vt  the  notions  of 
Mtiller,  Hamilton,  Ludwig  and  others,  in  regard  to  the  locomotive 
faculty,'  WAB  about  the  sikme  time  independently  affirmed  by  G.  H. 
Lewes  ('  Physiol,  of  Common  Life,'  vol.  ii.  1860),  though  in  regard 
to  the  mode  in  which  we  derive  our  iropreH»ona  from  the  moving 
members,  Lewes,  in  part,  introduced  us  to  a  new  view — based  how- 
ever, u  jHjri  very  debatable  grou  ndii.  He  deemed  it  an  error  to  regard 
the  nerves  of  the  anterior  and  of  the  posterior  roots  as  essentially 
distinct  in  function:  the  fibres  of  each,  he  contended,  are  both  sen- 
sory and  motor — tliat  is  capable  of  transmitting  ingoing  impres- 
sions as  well  as  outgoing  stimulations,  though  they  maj*  minister 
to  these  functions  in  diti'erent  pmportious.  The  kind  of  sensibility 
to  wliich  mottfr  nerves  directly  contribute  (by  <Muveying  impres- 
sions backwardi*  from  muscle  to  motor  centre)  must,  Lewos  thought, 
"  be  that  of  what  we  call  the  Muscular  Sense,  by  which  we  adjust 
the  manifold  niceties  of  dintmolioD  required  in  our  movements.** 
"The  iKxly  is  balanced,"  he  added,  "by  an  inoesitant  shitting  of  the 
roasclcs,  one  gmnp  ant»;;<inizing  the  other.  But  thiu  would  be 
impost^ible.  unletis  eai'h  muttcle  were  adjusted  and  co-ordinated  by 
sensation."  Lewes  admits*,  however,  that  such  sensations  do  not 
much  "emerge  into  that  prnminence  which  cauRcs  the  mind  to  att^'ud 
to  them,"  and  he  cites  Schiff  as  holding  the  view  that "  all  the  pheno- 
mena (i.0.,  conscious  improssions)  attribntcd  to  the  mnscnlar  flcnso 
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of  ita  owu  outgoing  energy.**  The  feeling  of 'erpcndeU  energy* 
by  which  we  obtain  our  iileos  of  resistance  and  of  an  exterual 
world  is  not  contained  in,  or  an  ap[>anage  of,  the  volitional  act, 
"but  is  derived  through  impressiona  emanating  from  the  moving 
organs  thcmsclvea."  Our|>crceptionHof  'resistance 'and of 'weight* 
are,  ia  fact,  "partly  made  up  of  tactile  impressions,  partly  of 
pansive  sensations  emanating  from  our  miiHcles  and  joints,  and  of 

inferences  founded  upon   these We   exiwrience  certain 

feelings  of  pressure,  combined  with  certain  sensations  in  the 
miisclos  and  in  the  joints,  and  we  gradually  come  to  associute 
certain  combinations  of  these  with  the  sensations  produced  by 
handling  certain  standard  weights."  If  the  term  •mnficnhir  »enBe* 
is  not  to  be  applied  to  the  passive  sensibilities  of  mnst.-lf.  then  it 
must  be  restricted  to  mere  'unconscioaa'  imjiressions,  which  may, 
[lerhaps,  jmss  upwards  from  gpmitl  motor  rt'ttirvt  to  the  bi  uin  by  a 
Hpeciul  set  of  Bbres  («cc  p.  009,  note)  Such  an  endowment  would, 
in  that  case,  have  to  lje  regarded  as  "an  unconscious  organic  guide 
in  the  performance  of  voluntary  movements,'*  and  for  the  existence 
of  some  Buch  guide,  evidence  is  not  altogether  wanting.  It  wuuld 
b1<40,  in  all  probability,  snpply  the  guiding  sensatioDs  necessary 
during  the  continuance  of  automatic  movements. 

If  we  attempt  to  classify  the  views  (which  have  been  above  set 
forth  or  referred  to  in  mere  onier  of  time),  as  to  the  modra  by  which 
we  apprehend  different  degrees  of  rctUtmuM!  and  weujlU,  they  uiay 
be  ranged  as  follows: — 

1.  E#timatiMn  of  WDl-fDnv  Ithrongb  a  scHaUod  'loormo- 
tivo  faculty  "J  anterior  to  nod  indepwodont  of  •onftationii  from 
the  moriutf  luutiiTicn.    bcati^tr  and  Ww^dt. 

S.  By  a  "tQUMof  ex|ieuded  eixtrgy"  which  la  "a  c«D- 
oomltant  of  Ihc  oulgolnx  civrnont  "—that  i»,  hy  •  »«iiatiry 
r«Tclati»o  roMiUlng  frrmj  Uui  .nctiTlty  of  moUrr  ccntrea, 
pervee  aad  miucl».  (Ihlfi  view,  wliicli  S»  idlicd  to  lljo  List, 
diran  from  it  by  tho  added  aiippMlUoa.  Uut  Uio  apprccl- 
tttlon  of  wolfifhcor  nulatanoe  nqulrea  nun  ttun  Uw  aotlvlty 
of  t)to  voliUoDal  contn,  and  can  Uke  plM«  only  on  con 
ditiou  tbtvt  thn  tnr>tnrliicIUtIonianotat(^pcdby  itirKlymng 
or  oih«r  lealoiu.  tiut  kooi  on  to  «rok«  Uie  antl-ity  «•(  tlio 
iDotijr  nwveit  ajid  nmaoloa  with  wbleb  tho  voUtloniU  ccntio 
la  ia  rclattnu.)    Batn. 

a.  By  lug*>iD)r  currouta  or  ini]tre«IonB  froin  lli«  niii«clet, 
conveyed  luu^  to  the  Tiilltluoal  ooatroa  by  thu  tnotvr 
nervM  tbomiwlvea.  (According  to  UUa  »iow,  inoUtr  oentraa 
and  nervtM  would  bo  colucbiouUy  or  in  lminodiftt*;Iy  iticcea 
give  iDcKramta  of  tiuio  eug»tt^  with  outgoing  and  with  tu 
going  ciuTonta.  l     Inns, 


Throa9h 

Motor 
Geutrea. 
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Throufrti 

Uotor  and 

SooBory 

Centxes. 


Through 
Sensory 
Oantres. 


4.  IMncl|w]]y   In    Uia    vmy   apacified    bf    BatUifa   (I 

tbrouuh  a  '  Iiivuniotivo  ftculiy  *),  though  this  nptwrrtrttflB 
aided  by  ordluvy  smaory  laprewioDc,  tnTVninv 
□erres  wid  mmlng  fmm  the  moTlnK  msmber*,  >  p.,  hy  fa 
ifiK*  ot  teoHion  ttiifl  |iR»-ur«  from  Um  idumIm  C  tti<Mr»t 
•ottae'!.  nnd  fcetirig*  of  prcwure  «rni<n*tiny  from  liw  •kit 
J.  JfllUn- and  AamiVfeu. 

5.  Through  Impmalona  of  traaioa  and  pnmira  tna*- 
mlttod  by  onlinary  scnaory  nerves  from  tb«  moTlus  m*m- 
ben,  e.ff.,  frnm  iiiu»cle#,  fmni  jt-tnta  and  trom  Bklu  ;  at) 
puralbly.  In  addition,  tlirvui^L  certain  '  unoonMlo*i« '  linprca* 
aiotu  iwuwiiiif  by  «{M)i.-liLl  ikfTuraut  uerves  fcuoB  tUa  iplJutl 
motor  ochtrea.    Af«iMtn, 

fl.  Tlirotigb  Inpniaal'jui  of  t«ndon  and  praaiiir*  emmiMn§ 
from  tbo  oontraeUag  miiNcle»,  trananiittwl  by  ordliiaij  aan- 
aoty  nerrta  of  ratuela  to  icuaury  oonlrec    l»tulrp, 

7.  Through  ciitaooiKui  and  articular  lna|*reaKU)na  aloo^^ 
Sek{f  and  TVaaMiaa. 

On  the  other  hand,  in  regard  to  the  eitiatentie  and  nature  of  anj- 
thing  like  a  diHtiiict '  muscular  sense/ wv  miut  willi  the  fulluwitigl 
diHereut  views; — 

1.  That  there  Usnch  an  Kmlowment:  tlimigh  opposing  notinni 
are  entertuined  as  to  the  source  of  it«  iiupresftiun*  aod 
to  its  seat. 

a.  Its  imprepsiona  (becoming  symbols  of  '  weicfht*  oej 

'  reaifctance ')  are  derived  from   muscles  ihrvngl 

sensory  nerves,  and  its  scat  is  on  the  nvtmarj  nv. 

Tfamiltmi,  Landtvj,  Ac. 
(.  Its  impressions  an-  derived  from  muscles  throng>1i^ 

motor  ner^Ofl,  and   its  seat  is  on  the  motor  sido. 

Jyciprs.     (Allitd    to  this,  though    each  differing. 

soraewhut  thercfriiui,  are  the  views  of    Wimt 

und  Bain,) 

That  there  is  no  such  Endowment. 

a.  That  impressions  giving  notions  of  'weight*  owd' 
*T¥sistjince.*  and  knowledge  of  the  poeition  and 
moTemuuts  of  a  limb,  ore  not  derived  frvm 
muscles.     Srhijf  and  TrouBseau. 

b.  That  the  above    impressions    are   only  ia    partj 
derived  from  muscles,  and,  as  those  having  sucl 
an  origin  arc  for  the  roost  part  of  the  '  uuootk^ 
■ciouB  *  type,  thai  there  is  nu  endowment  wortlijT) 
of  the  name  of  '  ranscnlar  aense.'     Bastion^ 
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Since  18B9  the  principal  contributions  to  the  subject  ha?e  been 
miide  by  Bernhardt  ('  Archiv  fur  Ptiychiutrie  ',  vol.  iii.,  1872),  Wuir 
Alitcliell  (' Injuries  of  Nerves',  1872),  Ferrier  ('Functions  of  the 
Brain',  187t)l.  and  G.  U.  L«wes  ('  Bmio,'  No.  i.,  April,  1878). 

Bernhardt  aupporle  the  intermediuto  view  that  our  notions  of 
•rvBialance'  and  'weight'  are  derived  principally  from  au  ikppre- 
}ten;«ion  of  the  depite  of  outgoing  energy  in  the  volitional  oeutre^ 
tlitjiif^h  in  jMirt,  altjo,  from  ordinary  oeDtri[>eial  imprcH&iona.  Weir 
Miteheli  uUo  holds  au  intermediate  doctrine:  he  adnata  the  efficacy 
of  ordinary  centripetal  inipresaiunB  iVoni  akin,  joints,  and  muscle, 
though  he,  in  addition,  relies  u|iun  an  estimation  of  another  kind, 
more  distinctly  C4)unectcd  witb  tlie  volitional  act,  either  in  the 
niauner  sufj^gested  by  Souliger  and  Wandt,  or  else  hiXer  the  fashion 
BugL^esttid  by  the  pre^wut  writer  in  18(>1).  Ills  words  are  (toe.  tit 
p.  3i>b); — "  rrohubly,  then,  a  part  of  those  ideas  which  we  are  pro- 
Slimed  to  obtain  throngh  the  muscular  sense  are  really  coincident 
with,  and  necessitated  by.  the  originative  act  of  will,  or  else  are 
weMogst  tent  to  tke  Kiiaoritmi j'rom  theBpinal  rjanglia  which  every 
act  of  Tnoior  volition  excites"  Weir  Mitchell  adduces  many 
extremely  interesting  facts  in  reference  to  the  sensations  in  qnea- 
tion,  and  tbe  power  of  recalling  I'cclinga  of  movement  referred  to 
amputated  limbs,  which  have  a  very  interesting  bearing  upon  this 
subject.  He  thinks,  and  his  facts  accm  to  show,  that  something 
more  than  mere  ordinary  centripetal  impressions  require  to  be 
postulated;  but  he  admits  thac  these  facts  may  bo  explained  just 
M  well  by  impressions  passing  to  the  sensorium  from  spinal  as 
from  cerebral  mot(T  centres.  So  far,  therefore,  Weir  Mitchell's 
views  are  closely  in  accord  with  those  previoiixly  expressed  by 
the  writer  in  1869 — tliough  this  was  apparently  nnknown  to 
Mitchell  at  the  time  of  the  publication  of  his  work. 

I'he  reasons  cited  hy  the  present  writer  in  1869  seemed  quite 
sufficient  to  entitle  him  abwlately  to  reject  the  notion  that  degrees 
of  'resistance'  and  'weight*  were  apprehended  through  the  cerebral 
motor  centres,  rather  than  from  centripetal  impressions.  The 
grounds  for  this  rejection  have  been,  however,  very  decidedly 
strengthened  by  Fcrner.  Experiments  made  hy  himself  and 
Lauder-BruntotL  show  that  muscular  discrimination  of  weight  is 
independent  of  the  volitional  act,  since  it  con  be  exercised  when 
the  muscles  are  made  tu  contract  artilicially  by  means  of  the 
electric  stimulus  {loc.  cH.^  p.  228).  The  facts  furnished  hy  certain 
persons  suffering  from  complete  Hemi-ajuBsthesia  also  seem  con- 
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ataxy*  the  amount  of  ft^miiionifi  indicati%'e  of  a  diminution  in  the 
eo-cnlled  'muBcalat  sentic '  was  f^enerally  proportionate  to  the  im- 
pairment ol  the  difl'erent  modes  of  conimoo  sensibility  in  the-  limb. 
Yet  some  more  exceptional  caHcs  of  thta  diseiiBe  rccordeJ  by 
Bazire,  Trousseau  and  other!*,  as  well  as  some  reinarkabl<*  caEf«t 
retorred  to  by  Liindry,  in  which,  wilhnut  tJm  fxxntfiuce  oj  autpttheaiti, 
the  patients  were  reduced  to  a  cunditioD  very  giiuilar,  ap  rejrords 
motility  and  the  sensations  resulting  from  movement,  to  that  of 
Demeaux's  patient,  ifeeraed  to  show  pretty  conclusively  "that  the 
brain  in  assiHled  in  the  execution  of  volnntjiry  movements'  by  gnid» 
ing  impressions  of  some  kind,  which,  whilst  the}'  differ  in  mode  of 
origin  from  the  impresaions  derivable  by  means  of  the  ordinary 
ontaneons  and  deep  Bensibilitr,  may  differ  still  further  from  these, 
owing  to  the  fact  of  theirnotbeinjf  revealed  in  consciousness*  .... 
There  is  clearly  a  loss  of  Bomeihing  in  these  cascA.  of  a  something 
which  serves  as  a  guide  in  the  execution  of  voluntary  movementu, 
but  whose  absence  can  he  compensated  by  the  siiponMsion  of  the 
visual  sense;  and  this  is  in  gn*;tt  part  the  function  which  some 

phyniologists  attach  to  the  *  muscular  sense' my  position 

is  that  these  impressions  of  the  muscular  sense,  whose  existence 
we  are  thus  oblijjed  to  postulate,  are  uHcon0ciou4  impressious, 
and  that  the  conscious  impressions  that  have  usually  been  stilted 
to  fall  within  its  province  are  really  derivable  through  modes  of 
ordinary  cutaneous  and  deep  sensibility." 

The  conclusions  thus  deduced  in  1869,  are  fully  borne  out  by 
what  we  now  know  concerning  H em i -anaesthesia  of  cerebral  origin. 
The  instance  recorded  by  Denieaux  is  altogether  exceptional,  sinoei 
in  many  of  such  cases  complete  snporHcial,  and  in  some  even  dee|^ 

*  Tbe  route  of  these  afferent  iinprcatioDs  at  the  oonuiumoeinent  and  towmrda 
Uie  etirl  of  tlirlrcuurae  «a>  tlioii  wliully  unkuuvn.  And  lu  tuctt  ot  dKRculUat, 
prcMntfld  by  evidence  adduced  by  Arnold,  the  writor  ba«udcd  the  followl 
coojochjro :  "  lliua  1  asBUiue  It  to  bo  puaaible  tbut.  wbvu  moUMrulor  rhangoi 
excited  In  certMln  spinal  motor  ccUa  aa  •  icault  of  a  volltioual  imptiliic,  pmimrlioni 
ncurretit  ioiproaaloDfl  may  be  carried  al»nt;  certain  abruA  ttkiiig  miglu  tmm  tb«' 
n?tor  colls,  and  ascending  In  tbe  poitvrlDr  cohmins  of  the  cord."  In  thlit  way 
the  biulu  nilffbt  derive  iiupreaklons  rcferrible  to  the  deg^roa  of  activity  ul  tli« 
varioiu  muaclos,  ur  wta  of  uiuavle»,  ol  a  lluib.  But  our  prusitut  lucreaaed  koowlct 
ooocorniDff  tbo  cxiatoiice  of  'Moaory '  nerrca  In  tnuKle.  no  lunger  reoders  nooe«i 
any  lucta  hypotbeAbi,  ospedally  aa  the  writer  U  now  Inclined  to  agree  with  Ferrlo^j 
lu  bin  lutcrpretation  ( '  t'uiicttonji  of  tbe  Brain,'  p.  il'Jii)  of  Atnuld's  experimatt 
Ihiie  DO  Uiugor  fcelx  any  dilBcuIty  in  believing  that  soiiMt  of  the  aenaoty  flbraa 
niiuclca  wbU'b  outer  theaplnul  cord  by  the  posteriot  rootiof  the  spinal  nerves,  may 
tranamlt  l<>  tbu  brain  tbone  alntivit  evcr-fireaent  '  ancooaciouk  '  iuijinxMluni  which 
•o  mattrioUy  gttld?  ili  to  the  exccuttoo  of  all  our  inaToinciilA. 
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